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FQREWORD

~ Condensed data on available insormation starage and
retrieval capabilities is compiled in this report, whichis
intended for Air Force use, especially in organizaions

involved with information handling.

The authors express their sincere thanks to the person-
nel of the organizations, bath commercial and govern-

mental, who contributed to this compendium.



ABSTRACT

‘The cantents of this compendium have been selected for the purpose of indicating
existent hardware capnbili(y for information storage and retrieval. As such, this com-
pendium is-intended as w guide and future reference in applying worage and retrieval

! capebilities for satisfying Air Force data handling requirements.

In compiling this information, particelar attention has been directed toward devices
and assoriated techniques of the special purpose type, and applicable for the mass storage;
of el and graphic information,-Most of these equipments have-some degree of . _
uniqueness, such as a pardcular gpe of storage medium or storage medium format, In
order to minimize repetition, multiple entries of similar items, such as tape units, magnetus
discs, and magnetic drums, have been excluded. Thus, this report emphasizes the different
types of equipment available rather than the varieties within each type.

"This compendium has been compiled primarily from information ubtained by formal
request from commercial organizations. It has been supplemented by documentation
available within the Information Processing Branch at RADC. However, because of a
lack of cooperation from many commercial organizations, this collection of information
is not as complete as possible or as desired,
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INTRODUCTION

Probably the most common and most elementary
form of a stumgc and reme\"ll svstem is thc standard

nppmdch are available, lhesc mcludc the use of
microfilm, manual files, and different forms of
storage using mechanical, electro.mechanical and
clectronic contrivances,

However, through all these levels of sophistica. -

tion, one important factor is present—that the rela-
tionship between “the elements of a storage amd
retricval systéin and how they are applied is still
determined from pust experience and trial-and rror,
This sltuation prevails because of a lack of a general
_theury of information vn storage and retrieval. As a
result, each system has to be evaluated on its per.
formance in the application for which it was spe-
__cifically_designed, ‘This situation has encouraged the

tial access storage systems that are superior to certain
random  access systems in a speclﬁc operaticnal

©environment.

— “Therefore, although recent developments are, in
many instances, considered advances in the state of
the art and prontise “faster access time and greater——
storage density, just what is required is still deter-
mined by systems analysis and past experience, The
selection of approptiate equipment chary “teristics is
now complicated by the multitude of equipments
available. It is hoped that, in this respect; this report
will be of help.

The iteris in chis compendiun have been described
aceording 1o an ehmbhsl\?d format- which-was selected -
sa that most ol‘ the pmmem data un each equipment

'/" .\ 1}
& Name of equlpmem

® Statuy

development of equipments for each particular type

of applicatioz: 2ad has, therefore, pruv:ded the maay
devices agd techaiques available today. .
As the state of the art in this arei- 1as prugressed
the tendency. has heen to attain greater access speed
for large-capacity files (hrough various degrees of
random gecess, the condition in which the storage
lacation iy approached directly without fifst referring -
to other locations. In contrast, sequential storage,
approaching a storage location after proceeding frpm
another location, is generally considered slower and
is used predominantly in less active files. Huwever, by
using variows combinutions of indexing, coding, file
organization, storage media and storage formats, the
capability and operating characteristies of a systens
employing random aviess or sequential storage caa be
viried extensively. Since cach form of storage is avail-
able in various equipment configurations, the equip-
ment characteristics, not the storage concept, become
critical when considering capability, ‘Fhisis iHustrated
by the fact thac it is possible to select several sequen-

L3 Lomrnct Number

® Mih’m, Sp(‘»ﬂ,sdrship {if none, the de- Jdopery

. 'Agency~ e
[ B

. Commcmrs

¢ -Date available and /or delivery time

s Cost

The subject content of this compendium includes
storage files, and equipments amd technigues that
utilize vne or more of the following storage methods:
® Chemical

Magnetic
® Photagraphic

Surface Deformation

o Surface Perforation.



- SECTION 1

CHEMICAL STORAGE

PHOTOCHROMIC MICRO-IMAGES
Status—Successful feasibility model
7I)¢:rc-1n}u*r-;l;lrlc National Cash Register Company
Date Arvailable—WNuot available

Cost—Nuot available

Description of Equipment

The NCR photochromic micro-image process pro-
vides the capability of high-density document storage
by utili2ing both microfilm and photochromic mate-

~ rials. The advantage of this cechnique s that image

reductions on photochromic materials are erasibic
and, therefore, convertible hefore final recording on
microfilm. Using this method, linear reductions of
200:1 are feasible for an operational situation han-

—iing normal business decuments, - -

A micro-image system would include the foliowing

- clements:

o PCMI Camera/Recorder—This device will reduce—
micro-image from 33mm mictofilm onto photo. -
chromic film,

e Off-linc refrigerated file — PCMI master plates
will be stored in thiy file until recquired for up-
dating.

& Contact printer — This unit will produce micro-
image cards from the micto-image master film
prepared by the PCMI Camera/Redordes.

o Micro-image viewer — For viewiug micr: mage
cards.

® Hard copy printer - For hard capy printoat of
ealarged micro-images.

1
® Micro-inage card file - Tor storage of miao-

image cards,

Operating Characteristics

The NCR photadchromic mazeriabs coodist of 4
molecufar dispersion of light seositinve dses. When
exposed to radiant enerpy in the visihle o neer-

N

visibie portions of the spearum, ey exhibit a
reversible spectral absorption effect. In using this
effect, these dyes can be made to retain two-dimen.
“sional patterns or images which are optically trans-
ferred to their surface. NCR photochromic coatings
can be coated on the same ype of substrates as
photagraphic emulsions and can exhibit excellent
resolution capabilities. Also,both positive-to-negative
and direct-positive cransfers are  possible.  These
coatings are completely grain.free, have low ganuma,
and exhibit inb- iendds high resolution. When ev.
posed, the image is immediately visible with no
development process requited.

The image appears \\;itﬁpﬁmﬁnc’hmmic musterials

where the individual molecnles are switched from
cither the colured or the colorless state of radiatiyn by
light of the proper wavclength. All of the NCR:zoat-
_ings now in use switch to the jolored state when nar-
ultraviolet TIghT T8 isedA Tlorless state iy achioved
by using wither heat or visible light.
“The life of photochromic images is dependent
upon the ambient temperature of the coaring.” At

room temperature, image life is only a few hours hul,l i

as the temperature is lowered, fife can be extended 18
months and even years. ]
Because the semi-permanent characteristic of pho-
tochremic images prevents their usf for archival
storage, NCR has devised a system wifich includes the
transfer of photechromic micro-infages to 4 high-

tesolution photographic film for stozage. In wsing -

this concept, NCR has taken ud\.m_(.lgc of the resolu-
ti . revenihility an?immedidre smage capabilivy of
the phatachromics and has combined this with the
peemanency of the silver halide conubsion.
Mechanization of the NCR POMI process requires
that the ariging) document be first tranferred tohigh.
quatity comventional mwrofln. Properly  filtered,
acar-uleraviolet radiation is then directed through the
tramsparent microlibn and into the  micro-image
uptics. where it s foased o a phorochrumic place.
“his forais a sunature image on the photochromic
conting such that up 1 2625 micto-dmages could he
placed v1c 2 37 x 87 pharodheoniie plate. This plare

will ther be used for producing duplicate: micro-



image cards an photographic film for dissemination
at a reduction ratio of 200:1. Four hundred of these
37 x § cards could contain a file of one million
documents.

This NCR PCMI system has been designed for
applications requiring the original document or its

facsimile in the form of either microlm or micea.
image and high-density storage. Since this system’s
characteristics are compatible with pumerous micen.
filming rechniques and equipment, it is adaptable for
use with various input and output media configura.

tions.




SECTION I
MAGNETIC STORAGE

Because of its desirable characteristics, magnetic
storage has heen utilized extensively in information
handling. Most appealing are its erasihility and free-
dom fram processing, allowing instant use of infor-
mation after recording, Such characteristics have
encouraged the development of many forms of
maguetic storage for various applications. The for us
considered here are:

e Magnetic Card
e Magnetic Drum
o Magnetic Disc
& Magnetic Tape

‘The most common form of magnetc storage is
magnetic tape, It is relied upon by the wmputer

types. In one, dises are removable and can be replaced
as reels of tape on 4 tape unit. The other form utilizes
magnetic strips or cards which are contained in
removable magazines.

L comsidering operating \pccd\, nugnetic cores
and magnetic film with access times in the order of
micraseconds are much faster than drums or diso.
The current disc files have aceess times of 1002250
milliscconds while magnetic drums vary from 3-100
milliseconds. Magnetic card or strip is abo in the
millisecond region with an average access time of
about 250 milliseconds.

Because of the cost per hit, magnetic cotes and
magnetic Alm are not currently practical for mass
storage applications Consequently, equipment em-
ploying these forms of storage will not be included In
this section,

industry—for bulk storage and, even with recent
(lcvclnpmems, is still ¢he most cconomical forl of
erasible stotage available, 1ts use has been challenged
in various applications because of the development of
faster random access type devices, such as magnetic
discs and drums, However, due to the increased cost
of these, tape storage is still extensively used. A
common practice is to use tape storage in combination
with some form of random access device. In this
manner, & compromise is reached between access
speed and cost, Files of up to 100 million characters
can be stored on dises and any larger files on magnetic
tape. In this consept, the more active postions of the
file data are recurded on the magnetic dises while the
less frequentdy used daty is placed on magnetic tape.

The use of large magnetic drums, magnetic tape
steips, -and magnetic dises for random access was
introduced as carly s 1955, However, there were
limitations on reaching an ideal system due to speed,
capacity, and cost. Also, large d-vm or dise syatems
become unwieldy when a considerable number of
units are required on-line.

Such difficudiies have encouraged the develapment
of cartridge units whith attempt (0 combine the
random  ccess capabilities of magnetic dises and the
practically unlimited storage capacity of magnetic

tape. Basically, these d ces have appeared in two

A. Magnetic Card Storage

Infarmation storage and retrieval tequirements
cannot in niost cases be defined o the excent that
exact equipment characteristics can be specified. As a
consequence, manufacturers usually try o include -
as much flexibility as possible in sheir equipment
designs. Requirements for mass storage emphasize
capacity and, in many cses, erasibilicy, Inidatly, mag-
netic tape was the only storage medium that coukd
economically provide these storsge characteristics.
However, magnetic vape was dependent upon the roll
storage concept which praved to be ineffective in
handling large files unless sequential access or con-
siderable batching was employed. Connequently, it
became evident that magaetic taipe storage Lucked
several characteristion desitable for mass storage.

Enit record storage, in conttast o roll storage, is
apphesble o operations whih require considerable
flexibilin in file  organization and  information
manipulation. In recognition of these characreristics,
attempts have been made 10 combing the Storage
advantages of both magncetic tape and unit records,
The results of these efforts have been the present mag-
netic card handling devices.



CRAM

Status—~Available
. Devcl()pcr-‘\—-'['hc National Cash Register Company
. Delivery Time—3 16 6 puiinthy

Description of Equipment

Card Random Access Memory (CRAM) is a mag-
netic card handling device tn which coded informa-
tion is recorded on a 005 indh, oxide-coared Mylar
Card, 14" long by 31, wide. Each card has o set of
hinary caded notehies at one end 1o permit automatic
random selection of any one of the 256 cards con-
tained in a magazine. Data is recorded un these crds
in 7 tracks of ¥ hit chanuels cach, Blocks in fengths of
up to 3100 charicters may he written on vach of the
7 tracks, This arrangement allows up to 21,700 char.
acters to_he recorded in a single CRAM card,-Since
there are 256 cards in 2 magurioe, the ol capacity
of each CRAM unit iv 5,555,200 alphanumetic char.
acters, When required, a# CRAM magazine can be

interchanged with off-line magazines in 30 seconds, ”

_A CRAM system can consist of up o 16 CRAM
units ded to a C-315 computer. Using this configuras
s tion, more than 88 million alphanuimetic daracters
can be avililable at a maxinun access time of 200
milliseconds. In addition, the number of off-line
decks per CRAM unit is unlimited, providing the
potential far handling a considerably larger file of
information. During operation, 1 CRAM system s
capable of transferring data at the rate of 100,000
alphanumeric characters per second,

~ Operating Characteristics

A card is accessed for read or write operation by
first releasing it from its position in the card magazine
and allowing it to be pulled on to a rotming drum. A
vacuum hojds the card firmly as it is accelerated to the
sueface drum speed of 400 inches per second. Ay the
card reaches the write and read heads, the region of
the card passing the heads leaves the dram and is held
closely ta the heads by 4 vacuum surrounding the
heads. Once each portion of the card has passed the
heads, it is brought back into conzact with the dram.
The card may then be ceturned 1o the ngasine or it
may he recirculated on the drum for additional read
wriic operations.

The release and suspension of CRAM cards in (e
magazine are aceomplished by wang eight seledion

rods and two gating rods. Notches at the wp edge of
the cards have tabs protruding on cither the left or
right side that permit the card t be held or released
by the selecvion rods, The tabs indicate binary ones or
zevos and represent the edye coding that gives CRAM
iis tandom fling feanure When a card is selected, all
ather cards are supported by at least une of these tabs.
This method is sufficient to control seleciion of 255
vards, Gating rods support the cards at the edges and
allow the we of an additional card representing
hinary zern,

This card handling procediire requires that the
cards be separatédd and free to £l while the magasine
is in-fing, Separation of the cirds is agcomplished by
4 relatively low-velocity stream of air injected from
above, The air steeam s passed througi, 4 nozzde con-
taining 256 separators and then into the wrds 1n
general, a state of equilibrium exivs so that ead vand

is under a separator. This methodd results in the cards

dropping stightiy faster than st which weald be duc
to gravity alone.

For changing magazines, a careridge is attached to
the magazine so that the cards haag inside it. With
the-ale jots off, the cards are comipressed: firc, by

“hand, and then further, by a sprinﬂ in the cartridge.
The careridge is then stid to the right along the gude
“bar until the cards arc off the rods and dhe careridge
is removed from the guide bar, Thix conipletc opea

tion takes approximately 30 seconds,

CRAM hay many of the operating charavieristics
of magnetic tape file, with the added fexibility pro-
vided hy the unit record feature of the CRAM card,
Use of CRAM should be considered in applications
that require Targe files, frequent updating, rapid
accessibifity, and a Large data transfer rate

MAGNACARD INFORMATION STORAGE
AND RETRIEVAL SYSTEM
Statrs - Available off-the-shell
Military Sponsorship
Gavernment Branch  U.S, Air Force
Ageney  Rome Air Development Center
Conteact Nwaber - AFI0(602) 2133
Confracter - The Magnavox Company
Delivery Time 12 to 1K monghs
Cust 00K to 750K
(depending on soten confipuration;



Description of Equipment

Magoucard is a general purpose, electronic infor-
mation-progassing system, <ble to store, search, and
upd.l(c hrgc masses of information ar very hl;,h
sluun. lVIn|hhu\x|l\l B} uunpuc file sto Tage i‘?“hd i
vides rapid and automatic nccess to nmgncncnll\
coded information, ‘This concept utilizes smatl mag.
netic cards as the basic medium of storage. The cards
are manipulated within the system at high speed— up
to 90 cards per second- - for (\lm.ll sorting, merging,
and file processing operations, The Magnacard Sy~

tem consists of the following:

a. Control Unit~—Receives and iintcrprcls signals
from the Data Pracessor, transriits .1p|)mpri.uc
signals to the Card Transport Utiit, receives the
information signals from the Card lnnsport Unit,
and relays them hack to the Data Processor.

Manipulates the meg-
netic cards by reading, writing, stacking, holding, and
feeding functions. It is composed of four vacuum
drums and five feed-stack stations with (r.m\fcr
valves,

s Rapid Access Files -Conrains 300 magazines in
Il mnlri‘: of 20 nnh.uuw"' high by 15 magazines wide.
A sclcmurl mechanism capable of holding two
maugazines bpcruws under program control to bring
mugazines of mugnetic cards toifeed stativns and to
put magazines uway from stuck statiuns. File capacity

Magnacard RA-300, Showing Card Tranuport Unit
und Verticol Fite

o

VAGUUN DRUM

WRITE HEAD

) noLo statioN

READ HEAD

TRANSFER STATIONS -
14

MAGNACARD RA-300
RAPID ACCESS FILE

‘Card Transpart Unit and Fites

is 6R1.000,000 alphanumeric characters in 90000
muagnetic cards,

d. Vertical Tile- -Contains 10 magazines in a
vertical urmy opcr.uin‘, s'imil.u 1o an clc\*.\(ur 'l'hc

Virious Iud.\ tor M.quun or retracuan of MARAZINGS

«under program control, File capacity is 22,680,000

alphanumeric characters in 30,000 magnetic cards,

{Operating Characteristics and Capability

i Inputs into this system can be from the Magnacard

-reading stations on the Card Transport Unit at the
rate of 5400 cards per minute, from 4 high-speed tape
reader, or from tabulating cards and magnetic tape.
,l'lu: input information is recorded on the 1 x 37

d whick has ensentially the same mag-
nctic qualities s magnetic tape. Rcumlm;. and read-
ing are accomplished without contart, therehy con-
tributing to the long Hife of the magnetic cards. Using
a recording density of 100 bus o the indch, cach mag-
netic card has 4 toal capacity of 86 alphanumer
characters, plus a three charactes chedk sum,

The same concepts that are enployed in the
Magnasue svstem are used o store and handle the
magnetic cards, The Magnacard file contains 300
magaznes of 3000 catds each. One transport unit can
handle (wo such files, providing the system with a
storage capacity of 100 bits, Using vacuum drams
which eotate at the rare of 200 inches per second, the



Mapnacard Systom

(tansport unit can search magoetic cards at the rate
of 90 cards per second und achieve system retrieval
rates, that vary from 10 milliseconds ta 30 seconds
depending on file organization and the method of
batching inquiries,

The handling tech.igue Tor the magnetic cards
provides the speed and protection o the magnetic
cards required for reliable operation of the Magna-
card system. The basic unit in this handling technique
is the Card Transport Unit consisting of four vicuum
Jrums, five feed-stack stations, four transfer stations,
two hold stations, two read heads, and two write
heads. The magnetic drums are the fundamental
means of transporting magnetic airds. Two contin-
uous slots in the periphery of cach drum continually
exhaust air. A magnetic card brought <dose 1o the
dram is sucked into its surface and carried around it,
Cards are transferred from one drum o another
through the use of pneumatic valves and from/or (e
the drums by the feed-stack stations. The feed-stack
stations connect the drum unic with the storage files,
thereby completing the channel for information flow.

Output from the Magnacard system can be in the
form of punched cards, punched paper tape, high-
speed printout of a magnetic tape recording. These
outputs are similar to thuse of any EDP systemi using
magnetic tape as the hasie storage media. However,
Magnacard combines many of the advantages of
magnetic recording with those of anit records, pro-
viding substamial freedom in the sclection of file
arrangement and indexing.

MONROE CARD SYSTEM

Startes - Available off-the-shelf

Dru/v['u’ Muaonrue (:.Il(ul.llillg Machine Ca,
Delivery Time 6109 months

Cost 36K 1o 30K

Description of Equipment

The Monroe Card System uses magnetic cards of
standard tabolating size for storing recorded informa-
tion. Magnetic cards with the capacity for BO0 or 1500



digits are handled by a card unit which can transfer
data from the cards to a computer or eject and enter
a new card for reading. The card unit can operate

with automatic external feeding, or the card can

manually be inserted or removed from the input and
output stations. Utilizing magnetic recording, the sys-
tem has several of the samie characteristics and appli-
cations of a magnetic FDP system.

A Manroe Card System consists of a Monrobut X1
Computer, & Monroe Processing Card Uinic and the
Monrpe Magnetic Cards.

Operating Characteristics

For operation, magnetic cards are inserted in the
input hopper of the card unit. From the input hopper,
cards are read or recordings made by moving the card

forward underneath the read/write heads. The correct -

lacation for positioning is determined by the use of
sector holes which are on the card. When reading o
writing is completed, the card is removed, piaced in
the output bin, and the next card from the input bin
placed under the read/write heads,

Operation of the card unit is controlled by a com-
puter which, in this svstem, can receive input from
typewriter, punched tape, edge-punched cards, 8O-

column cards, teletypewriter, ard numeric keyhoard. -
~ With this.systemi configuration, storage and retrieval

rates are 20 characters pet second for the computer
and 34 characters per second hetween the compater
and the card punching unit.

RANDOM ACCESS
MASS MEMORY SYSTEM

Status—R&D

Developer—Radio Corporation of America

Military Sponsayship—
Government Branch—-ULS. Nuavy
Agency-—Military System USN,/BuShips
Contract Number— Nobsr 89430

Delivery Time---1s1 unit due Seprember 1964

Cost—Not determined. Specific proposals will be
made an requst.

Description of Equipment

The Mass Memory System (MMS) aecepts data
from the Computer one word at a time and stores the

data on magnetic cards at a location specified by the
Computer. When inverrogated by the Computer, the
datz is transmitted from the mass memory to the
Computer one word at a time. Each data word is
stored an the card as part of a block of 875 \\nrds
Every biock of 875 words un a waid may b faidoi
accessed, The data block length is arhitrary and may
contain a minimum of one word or 2 maximum of
875 words. Access to words in a blodk is serial, Every
card and bluck within the smemony iy be randoml
accessed. The cards are contdined in magazings which
may be removed and teplaced with ather magazines.
The magazine containing the cards and the mechaniam
for sclecting cards and recording or reading them.
along with the necessary logic circuitry and power
supplies, are contained in a single unitized structure.

B

Card Characteristics

Card Size RIRAINNIG
Channels 128
Bits/Channels 8750

Recording Deasity 628 hitgfinch

Card Capacity 1,120,000

Card Material Magnetic axide cuated Mylar

Operatiing Characteristics

Storage Capacity and Densio—The RACE File

consists of oxide coated Mylar cards 41/ x 16" and
256 of these cards wre placed in a magazine store. The
256 cards in each magazine store as much data as 2v%
reels of magnetic tape so that 4 (otal of G magazines
are equivalent in capability to 160 tape stations.

Copocity 16 Bit Werds  Infarmntion Bits
Block RIS ALY
Card 28,000 1,O08,000
Magasine RO66O0 32,256,000

16 Magazine Unit 11,336,000 516,006,000

Indexing Coding

Weord Farmaty - Four ditlerent word (ormats are
utilized in the MM the Instraction Word, Firat
Dt Word, Erron and Status Wornd, and Date Ward.

it




Of these, the fields of the Instruction Word (1W),
first data word and the Error and Status Word (ESW)

- are in multiples of three bits, so that each number,

operation and address can be designated in octal
form,

Instruction Word Format—The Tnstruction Word
(FW) contains 3 bits for the instruction ve operation
code, 18 bits for the address, 6 bity for Block coant,
and Y spare bits.

The 18-bit address consists of three 6-bit fields
designating magazine, card and block, There are 32
blocks per card, 32 cards per magazine and 32 nmag-
azines so the most significant bit of each field (hits 5,
11 and 17) are ignored.

The first data wurd of each block contains the

number of words within the block, There is a max,

imum of 875 words per block so the word count will
he from 0000 to 158853 A ward entint of 0000 of
(001 will recurd only this first data word within the
designated biock,

* Data words 2 thiough 875 are not decoded or used

by the MMS so theit format is ag the discretion of the’
 programmer. —

Data Tranafar Rate

£3,000 36-bit wonds por secenddn: aneons

Retrieval Rate
Access Times

1. Access (0 a aata block Minimum: 185 msec.
on any single card {in  Maxinwm: 280 msec.
any of 32 m.\g.lzincg,)' o B

2. Access to any data Maximum: 60 msec,
block on a card at Read
Station

B. Magnetic Disc Storage

Magnetic dive units are available in two basic 1y pes,
uften referred o as first and second  generation
devives. Various models of cach type have been de-
veloped and are currently in use. However, since
magncetic dises are considered 1o be general purpose
starage devices, detaifed descriptions of these models
will not be included in the following:

An TBM 1405 Dise Storage Unit is an example of
a first generation random access stotage deviee whidh,

with fess sorage xpacity, was used in the IBM 305
RAMAC systems, In this unit, a stack of 25 or S0
dises is mounted on a single access arm. For reading
or writing, the arm moves vertically o the appro-

Uy across the dis.

Mote advanced or second generation eyuipment is
represented by the Bryant 4000 and the 1BM 1301,
The major improvement-in-this file-type over their

predecessors is that a4 group uf aceess arms, one for

priaic disc and he

each dise, iy used. Al of these arms move in unison,
with mechanical motion limited to the plane parallel
ta the disc surface. Use of multiple heads has reduced
head positioning time by A factor of four to siv,

‘The comb-fike access mechanism has changed diw
file organization concepts. Since all read and write
heads move in unison, the same track position is
located oo each disc simultancously, Therefore, all
aut further head repositioning. Consequentiy, opti.
mum organization of a user’s files can eliminate »
considerable amount of access time by allowing
processing of sequentially arranged records.

I operation; Tecord fucationy on-fiwgicti ¢
are addiessed by dividing cadi tiack into sequentiatly
numbered sectors. In most cases, each sector has a
fixed dats capacity. For addressing, tracks are num-
bered sequentially. with the disc and disc unit also
having identi{ying numbers, A complete address then
would consist of numbers designating u sector, track,
dise and disc unit, These addresses are frecuently oo
long o he placed directly into the computer instruc
tions, In this case, they are placed in core memory
with their locations contdined i the computer
instruction,

Recent disc files, although promising improved
performance, have heen plagued by head positioning
problems and damaged surfaces due to head contact.
In combatting these problems, div manufacturers
have made use of the Bosting head principle in whidh
the head floars on a layer of ait generated by the

rotation of the disc or dium. Some types use solenoidy

to retract the head when the dise or drum Tty below
4 spedfied revolving speed.

Some aurrent disc units are the folloning:

Lo The GoiL MO10A Dise Storage Unit uves sepe
arately positioned access arms with cight read - write
heads for each of the 16 data dises. Howes er, only one
of the 16 access arms can be repositioned at o time,




2. The Burroughs Disc File System which uses a
head for each individual data track. All lateral head
movement is eliminated with this approach and the
access time is reduced to 0-40 milliseconds, The cost
of storage is comprtitive even with the large number
of read/writer heads used,

3. The Anelex Modei 80, still undergoing refine-
ment, uses intexchangeable caftridges called dise kits.
Each kit containy six dises and srores up to 3,900,000
characters. By using seven binary clutches in simal-
tancous operation and a disc surface of two zone, with
100 tracks each, this unit achieves a constant head
positioning time of 75 ysce. The tracks are accessed by
an arm containing two heads, one for each vone on
the disc surface.

4. 'The Bernoulli Disc, manufactured by LIE,
utilizes the Bernoulli principle to stabilize a thin
flexible magneuc disc. In this concept, air is puinped
between the disc and headplate such that the hydio-
dynamic forces of air and the dynamic and elastic
forces on the disc are maintained in a stable equilib-
rinm, The recording and reproducing heads are
rigidly mounted in a fixed headplate and require no
adjustment  during operation, In use, the flexible
magnetic disc is rotated close to the headplate and
separation is maintained awomatically between the
headplate and the rotating disc. These discs are avail-
able in storage capacities that vary from 82,500 to

777,200 bits.

5. The Anclex 00 has a storage capacity of 160
maga-bits and 2 maximam access time of 125 milki-
seconds.

6. ‘The Anelex 4800 is a larger disc file unit having
a stozage capacity of up to 624 million bits. This unit
is availahle with as many as 48 recording dises each
with & capacity of 13 million bits. ‘Track accesing is

-cantrolled by position addressing with primary and

fine movements exccuted simultaneously and in par-
allel. ‘The Anelex 4800 is rated as having an average
access time of 65 milliseconds,

7. Fre IBM 1311 could he made available in o
militarized version hasing two dise drives, each won-
taining 50 million hits, Each dise drive containy
eleven 14-inch diameter aluminum dises. Four dis
drives can he controlled by 4 control unit which
would provide 200 million bits for this 1311 Miliary
Dise System Configuration.
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8. Lhe Model dp/7-3033 Disdile, mwanafiiurad
by Data Products Corporation, can accommodate
from 466 10 ¢ 20 million bits, Like the Model dp/f-
5020 Discile, this unit has separate positioners for
ech data disc and, in addition, has a dual accessibility
feature that allows two computers to be used. The
Model dp/f-5035 is available with one or two 32.dis

units,

9. The [brascope prototype discfite system udee
development utilizes 48" diameter dises with 256
tracks on cach serfiee. An agcess time of 34 milki-
seconds is arained, wing a single-rone, single-fre-
quency operation and fixed-position flying  heads.
Current applications of this system are contemplated
in military command and control operations,

C. Magnetic Drum Storage

Magnetic drums are availihle fn nany sizes with
varying access speeds, Although used as sturage
devices, they are considered to be of the general
purpose type and are predominandy used in computer

SYSEEMmS, AS suchy, magneric irmmywremonof-prinary—-—— ——- —— —

snterest in this tepott, and, consequentdy, will oot
discussed in detail,

The average magnetic drum uses read/writeheads
for each track. Access time is then the period required
for the drum to rotate such that the desired data is
below the reading head. Two drums of this type are
the 1BM 7320 and the Univac FH-880. Such drums
arc ustally used for syscems programs, segments of
aperating programs or where a fast response i
required, racher thao large storage capadity.

Some drums, such as the Univac Randex Drum,
use 4 movable access mechanism which reduces the
number of read/write heads requited. The Univac
Fastrand Drum uses single mechanism to aceess dats
on two drums located in the same cabinet. Tn this unit,
12 read and write heads are used for each drum. Fach
head serves 96 tracks and, by moving horizontally
in unison, has a pasitioning time of 87 mithseconds,
This head arrangement allows GRR 128 dhuaracters
to be accessed at any given position of the aces

mechanisn.

D. Magnetic Tape Storage

Although muagnetic tape is used extensively in



computer configurations, several small-scale, specisl-
purpose devices have been developed that also-use
magnetic tape storage. In order to increase searching
speed and aoiess time, these equipments were designed
for searching on index information.-Stored data is
organized such that a minimusm of tape reels and tape
searching is required. This approach agempts to pro-
vide an optimum use of available storage capacity and
searching capacity. Furthermore, use of peripheral
equipment is also held 1o a minimum, with just an
electric rypewriter and paper tpe inlnin and output
usually required. In production, such ‘devices could
cost less than 100K and provide a flexible storage
capability. Included in this section are the Document
Daca Indexing Set, AN/GSQ-38 and the G.E. Search
Comparator.

In contrast to these index searchers and compar-

ators, the Video -tile represenis large staie speciai
purpose cquipment prinmrily designed for the storage
and retrieval of documents. A system instaflation
would have a medium-to-arge scale computer and
considerable peripheral equipment.

DOCUMENT DATA

INDEXING SET AN/GS(2-26

Status - Successful feasibility model

Military Sponsorship—
Government Branch U8, Air Force
Agency-—Rome Air Development Center
Conteact Number A FAHO602) 1834

Contracter—Computer (Im\‘l rol Company

Cost—140K for experimensul model

Dacument Data Indexing Set An. G5Q-26

(R
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AN'GS5Q-38 Equipment Layeut

Description of Equipment

This device s a special purpose digital computer to ]
sy indes. tems vedear text. A 2400 footreeb of g0 g If.\l,\cjii’uu"ﬁ‘r.ﬂ Model

_one-inch magnetic wpe is the stuage medium, 1 is
“possible to store an the magnetic tape documents

] .
W | consisting of index terms and an abstract or clear

B o text..Using n plughoard to wire in logical refation-

T ext..LSing a plug 0BG

ships nmong descriptots, it Is also pussible  search

5} the file using us many as (wenty descriptors at one
i time. The logical refationships of equality, greater
: _than, less than, greater than or equal to, less than or

cqual to, arc availsble for comparison during a
search,

The Document Data Indexing Set has a word
length of 42 bits, Thirty-six bits are used for data, the
other six are wsed as a tag, The maximum document
length is 156, 42-hit words, As designed, the machine
aceepts paper tape input using a special seven-level
code, The autput is in the form of document accession
numbers or the complete document. Using a 2400
foot reel of tape, it is possible to store approximately
40,000 documents on one tape. At a searching rate of
110 inches per second, it is possihle 10 search the
entire 2400-foot reel of tape in 4175 nunutes. Input
and output on thiv model wete fimited to ten char-
acters a second because a flexowriter was used for all
input output operations,

This special purpose computer coudd be used in
any ibrary-type function where it iy desirable 1o
search an indes terms at high speed

Dicsign of this computer to accept words of varying
tenpth provides direct acvess to the question memony,
and eliminativn of plugboard wiring would make this
device a desirable piece of operational requirement.

COMPUTER SET, ELECTRONIC
‘ORDER. OF BATTLE AN/GSQ-38 ' -

Dereloper— Arronutronic Division of Phileo =
Corporation

Military Sponsorship—
Govermuene Brimch—=U5Adr Foive———
Ageng—Rune Al Dovelopunt Conter
Contract Number— AF30(602)-2020

Cost—250K

Description of Equipmant

The Compurer Set. Electronic Order of Battle -
(AN/GSQ-3R), is"an experimental modet of a unigue
digital system for searching and retrieving informa-
tion which meets a predetermined wi of requirements
frum magnetic ty pe files. This special purpose, digital
computer uses BEAX lagic elements to pecform high-
speed comparisons and evaluation ar fuil magnetis
tape speeds,

The interrogation system consns of an inguin
station, the fogic evalnator, and amagnetic tape unit
The inquiry staton contains an eledric ypeseiter
which permits kevhoard entry for the generation of
interrogation criteria and the 1y pewriter nutput tor
the recording of tecurds (abstractsy which satisfs these
criteria. The logic evaluator contains storage to hold
the statement of criteria, records which satisfy the
criteria, and the logic necessary o opetate the sssten.
The mugnetic tape anit prosides @ means tor recling
the abstris or records which are 10 be searched.

These abstracs are stored on reels of mapnetic tape



which are searched at full transport speed in the mag-
netic tipe unit.

‘The G8Q- 38 system penmits a search and examina-
tion of the magnetic tape hile. The fi'e consists of o
sequence of abstracts that are grouped in data blocks
of 1092 alphabetic or numeric characters. The logical

LI roa . PR PR NN B T N

manner thac thiv system may be wsed with tage nies
of complex formats, Also. the basic cancept of the
computer is flexible enough to peemit the more diff-
cult evaluation on ordered abstracis. The wnordered
abstracts take the form of brief descriptions of tech-
nical papers or reports. The search criteria, in this
tase, would be the appearauce of certain key words in
the description.

The design of the logic evaluaor allows the
aperator to type the inquiry criteria directly onto
punched paper tape. The tape is then read into-the
memory uf the lugic vvaluaton Stored jn the mrmarg
of the logie evaluator, the cidgracters which seprescat
the logical equation of the evalnation are the actual
characters of the logical equation iself. No transla-

_tion of this logical cquation to operitional steps is

required, ‘This obviates the need for using (e general
purpose compiter to execute a sophisticated transla-
tional pragram. This further assures that a minimum
excaution time is required to evaluate more complex
logical equations,

SEARCH COMPARATOR

Status-- Succenful feasibility model
Manufacturer-~General Electric Company
Delivery Time— 38 weeks

Cost- GOK to ROK depending upon equipnient
featares and configuration

Description of Equipment

This equipment is consadered 4wl single-tape
drive-computing device, used primarity o search for

index information recorded on nagnetic tape. A
1

recerding density of 556 bits inch pron
capacity of 16,680,000 haracters in o single reel of

& I} \l(l[.l)}l'

tape 2400 feetin length. This tape can be vearched in

A7 minutes. Output is a staralard eleni npewriter

with a Hsting printer availablue as a sepatate opton.
The Search Comparatos has characteristios: tha

make it appiicablie in indes seanching files whict

to documents or specific items of information.

Operating Characteristics
The current madel of this device requures that
tapes be up-dated or prepared by 4 computer, A

input in 1530 minutes, depending upon the proces.
sorand cquipment complement. Shorth, 4 ape prep
arition unit will be availuble allawing this process 1o
he completed at the Search Comparator.

File queries are input by typewriter using natural
language. Such operation requires that nu special
indexing or coding be mandatan, thereby allowing
it to be dependent upon user preference,

' MAGNETO-OPTICS SYSTEM
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Staties RAD ftam
:"ililllr_)' .\‘,ln".‘uflbl’ll
~Goveroment Branch—ULS, Navy
_ Agency—Oflice of Naval Research

Contractor  The Magnavox Company
Dplivery Time—18 manths for (easibility model
’

Descﬁpﬂon of Equipment

This d"!p\-élupmem will wriliev polacived fight for
readont af magnetically cuded data which has been
recorded at high densitics. A tape transport employ-
ing this technique is expected to have the following
functional characteristies:

® Recording Format
e Mcthad NRY.
® Transverse Recording 200 hity 1o the iodch

& Langitudinal Densty  fot0 hits 1o the linea
inch

& Deonity Store 200,000 hits to the sjuate imh
¢ Read Transfer Rate 2« 1o b second
® \Write Transfer Rue 2 v 10 hinn second
® Lapc
® Width 1 inh

& length 1000 fea
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Propoted Magneta-Optic Tops Unit—Magnataps Model 100

Thickness-—1.5 mit

¢ Reels-—7 inches in diameter, NARTB hub with
file protect ring

Tape Speed

& Read/Write Forward -0 10100 inches per
secomd forward

¢ Read Reverse 0 to 100 inches peraecond
o Normal Tape Speed (Read)-- 1007 /vecond
e Normal Tape Speed (Write) 107 /secomd

o Hipgh-Speed Rewind -~ Accomplished in less
than 1.5 minutes from end of reel. The speed
will be controlled with -+ s,

® Start Time 10 mivroseconds (maximurnmy)

& Stop Time 10 microseconds (maximum)

-
ry

Equipment using this tape tramport. would be
capable of very high speed reading of stured magnetic
data in the form of digital, analog ar video recording,

VIDEO FILE

technigues
Derddoper. Radio Corporation of Apwerica
Delivery Time—18 to 24 months

Cost—3.8 million dollars for alarge scale sy atem

Description of Equipment

The Video File is a document storage and retrieval
system which wtilizes RCA Video Recording tech-
niques developed for the television industry. Docu-
ments up to 10 x 12" in size are recorded on 2,29” x
27 feames of Wdeo tape which is scored on fecls ut
7200 feet fengths containing up to 36,000 documents,
Each frame contains, in addition to the dogcument
image, a conteol track, index dme track and an index
irick-for-index-information_n be used for scanning
in the high speed search maode of up 1o 3007 /sec, The
capacity of these tracks is limited to 300 characters of
index information.

The principal Video Tile Units are: — -

® Camera—Converts ducument images 1o composite
video signals capable of being stored on magnetic
tape by the Video File Recorder.

Recorder- - The video recorder stores on magneric
tape document images produced by the camera or
transferred from another recorder. The recorder
can alsa reproduce in video form stored images,
crase images and write over previously ensed
frames.

& Princer The printer employs the eleciofan s
tem o obtain hard copy printows of images
stared on video tape.

@ Merge Contral Unit “The control amir s used 1o
sinmltancously address and control two recorder

units during the merging video tapes uperation.
h rumng

Operating Characteristics

During operations, the jnput camera uses an
clectro optical wanner, in oombimation with a fiber
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optical bundle, to illuminate the line of paper of the
incoming document being scanned. Photo multiplier
tubes detect the reflected light from the document

page and transfer this signal to a video recorder where

the document images are stored on magnetic tape
along with associated index information. The recorder
unit can then be used to search on this information
and transfer it to another recorder or edit it. During
the interrogation mode, requested documents are
transferred by the recording unit to an output tape

wi

for subsequent transmittal to the electrofax printer
for hard copy output.

The Video File System is controlled by paper tape
input prepared by the RCA 501 computer. In system
operation, it utilizes current input’ and output tech-
niques with the associnted peripheral equipent, i.e..
paper tape and magnetic tape units, print reader,
ctc., that allow for considerable svstem operating
flexibility.



SECTION Il )
PHOTOGRAPHIC DIGITAL AND/OR IMAGE STORAGE

Photographic systems have been wed for quite

- . . . . [ PR
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to conserve space. Recent developments, however,
have altered this practice to the extent that photog:
raphy is now recognired as a means for providing
more accessible information as well as compact
storage. Photographic storage is now available in
configurations that satisfy curreat information re-
quirements as compared to the archival gpe of stor-
age for which microfilm was used in the past. This
condition has evolved from advancements in the state
of the art of photographic emulsions and films, lens
aysteims, and mechanization,

Photographic Gums are now capible ot being
exposed and developed in extremely short periads of
time. Furthermore, dry process flms have been

the recorded images. Furthermore, additional equip-
N rm:u:rn:‘ far Gewing the rmhu-nl inuiees and

creased microrcdudtion s oot free of ramifications
and should be comidered with respece o the addi
tiopal equipment suppurt it requires.

The microfilm industry has produced samerous
film formats and equipments to handle cutrent stor.
age and retrieval requirements. Among the unit
record formats are microfilbin jachens, microtape,
microfilin cards, microfiling chips, aperture cards, and

microxerographic cards, Taousing the first two, micro
fim jackets and microtape, the recorded information

is au eoll oy which is cui i the approg
muuu[iuM il iuq).llul Llhl\. The l)(‘lll\ u\u.l”: l‘l‘
resent a frame of a microfilm roll which was cither

cntup or duplicated from amaser record, With imany
of these furm.m, in(nrm.-(inn can he stored in ci(hc

—_developed  which furrhcr _simplify _the processing
requirementl, Ane of these, dinzo film, requires expo.
sure to ammonia for processing, while the other,
Kalvar filin, is processed by heat. With such simplificd
processing, production of imagery can now be iccom-
plished in many cases “on line™, eliminating consider.
able delays in the use of photographed information.
Such practice has rosulted in equipment design that
provides duplicate information while never removing
the original photography from the master filex, Dis
semination 1o the wser is consequently quicker and
can be more extenmsive without disturbing the func.
tioning of the original file.

As film emubsions and processing ha- e improved,
a0 has film quality. When combined widh heteer Tens
systems,  greater reductiony and  resolutions have
resulted. Ay a consequence, starage densities hase
increased for microphotography and microfitm i
now heing used to store aerial phowgraphy . Cur-
rently, it is pussibie to stare as mich as 106 document
pages in one cubic foat.

Although greater reductions have hoen desited
due to the resultant storage densities, there are abwo
several disadvantages. In almost all cases, micro-
reduction requires some form of medhanization 1ot
win desired uperating speeds. Frequents. mechari-
ration is necessary to provide adequate protection for
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information is recorded ina spcullcd area .uul sweives
as the search criteria from which the associated docu.
ment o document page can be seleced from file, In
uther configurations, index infornation iy recorded
on a4 separate medium sich ay magnetic tape or
microfibm roll and is searched separately in respond.
ing to « query. This srrangement reuires that an
additionat setection be made once the index search has
identified the portion of the stored information
desired.

Fach form of microfilm, whether @ card, strp,
plate ralt or chipy bas 4 variety of equipnient with
which it can be wsed. Thiv equipmont woeald indude
wse in both large and smadl wade operatons. This
seetion will cancern itself only with theae devices that
are dircetly imvabved warh the storapge and recoevat of
the nucrafilm, xeeptions are made when o onmplese
syateny, splecrhicadiy destgned tor microtihin and sun
ageand retriesall is disoused,

Unlike magnetic starage sstens, there are nucre
film systems that can be completely mamully aper
ated. We can find such systens i uperation, as well
s svstenns that emplos as much sutomatioes as the
current state of the arg e capable of provedmg. Be

tween these ta exirenmios are several other fevels of

ariate sizes far



system sophistication, each with its own selection of
equipments. Besides those mentioned in this section,
these include cameras, (|llp“€;ltl)r.\.‘ processors, hard-
copy reproducers and viewing consoles. ‘There are
many models of each type which can be used with
AR NPT '-thlgU JncUant. R ne lll{ll‘l‘.‘l“ X.lLl“g e \‘\S(CIH

with respect ta the storage media and application
being considered.

A. Microfiiim on Aperture Cards

Aperture cards are cards that have one or more
"windows” on  which microfilm images n be
mounted or printed, Use of such cards facilitates
handling small microtilm records but still retains the
miniaturization and standardization advantages of
microfilm,

Aperture cards are available in many different
formats. A common type is wa IBM aperture card that
can'be handled by standard punched card equipment.

coding, with jachet windows for insutiog micotilm,
with diazo or Kalvar film for duplicating images and
in forms to be compatible with specific filing tech.”
niques such as the VISI record concepr. Currently,
most aperture cards are wied for containing frames/vf
35mm or 16mm film,

‘The extensive use of aperture cards for data stor-
age has encouraged the development of pumerous
cquipment for ¢heir production, duplication and
handling. Such equipment is available in various
degrees of capability, size, and sophistication for
satisfying practically all aperture card data handling
requirenients.

Aperture cards cost 825 1o 70 per 00 cards,
depending on the quantity and card 6 pe and the cost
information received from the following  manu
facturers:

Film Sort—Minnesota Mining & Manufacturing
Langan Corporation
Microseal Corporation

Photostat Corporation

This sub-section includes information on
ACSTRAC

RASTAR.
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ACSTRAC

Status—An ailahle
Dereloper- lick Corporation
Delivery Time —Not available

Lasl—Nai avaiabie

Description of Equipment

ACNTRAC iy an Aperture Card Starage and Re-
trieval and Copying Systeny, which is availabie in bath
+ semi-antomatic and fully automatic form, Aperture
cards are stored in capsules which in turn can be
stored in magazines or trays.

In the semi-automatic form of the ssstem, the
module is essentially a conventional mechanized ele-
vatot file. The tray containing the requested capsule is
automatically hrought to retrieval pasition by man.
wlly keving in the cypaule number indicated on 4
punched control card. The capsule can then be
manually retrieved from the tray.

The file module in the automatic vemion is basi-

— "~ Other aperture cards are available with edge-notchied — - vaily w Tutiory fmdexing conveyor sysien whici cone——

veys the tay or agasine equosied by die conaol
card to a retrieval and refile position via the shortest
roure. The crays recain the capsules in such a manner
that capsule selection and return can be performed
awtomatically,

Opetating Characteristics

Input requests to the ACSTRAC system are in the
form of drawing nambers, Tn the semi-automatic »y -
temn drawing numbers and their assigned addresses
in file arc obtained from an Autoindex. ‘This infor-
mation iv then punched into control cards which are
sorted into address numiber sequence and diseribured
to the variows files fur retrieval of the reduested aper
ture cards, Color coding un the conarol cards diciaes
which retrieved master cards are to be ronted o the
file maintenance sttion and which are to be souted
to the copying equipment. Retneval of the desired
capsules 18 then indicated by the control cards, and
the capsudes are transpocted from the file location on
dCONYEVOr sustem,

In the antomatic system, the mput media may be
tapes, car s, or manual keyhoard. The requested
drawing numbezs and their relued file address are
atomatically obrained by the Autindes and used o
activate a retrieval mechanism. This medunism




deposits the desired capsules in an electronically con-
trolled transport system which transfers the capsule
to cither the copying or the file maintenance equip-
meni.

Output for hoth the semi-automatic and auto-
matic systems can be cither a_ duplicate or a hard-copy
print. For duplicards, a card punch, a high-speed
contact printet, and a processor are used to achieve a
err()duL(mn process with less than a 10 pereent loss
in resolution. Harl- copy output is achicved by use of
a conventional projection printer.

RASTAR

Status-Prototype Model
Developer--Photo Devices
Delivery Time—Not available

reached, the drum will be slowed down to one-tenth
the' previous speed until the hundredths area is
lm.ucd. at-which point the drum iy \|nwcd down
ath the previoun

area is loc.ncd At this point a sclmur anm is posi-
_tioned across the width of the card identified by the

last digit, spreads apart the two .ul;.uem cards and
removes the item from file. After verification, the card
is fed into the pointng station where a diazo or
Kalvar duplicate is made. The two cards are then
separated and the file copy returned to its original
storage location. Total time for this complete proced-
ure from initiation of the first search cvele to delivery
of a duplicate copy of the desired item is 14.6 secunds.

B. Tﬂjﬁmﬁ‘lﬁrﬁfﬁffﬁ;ﬁ Co

Cousi—Not available

Description of Equipment
‘The RASTAR system employs electromechanical

techniques for the storage and retrieval of microfilm
images. Items are stored around the periphery of a
drum in'unit record form and held o its circumference
by mechanical clamping, Using this storige cancept,
100,000 tabulating or operative cards can be stored
in a ten.drum console 48” long, 50" wide, and 40"
high. Each drum within the console is connected 10 a
driving mechanism which can be activated by enter-
ing a location number into the system from a com-
puter, punched card, paper tape, or manual keyboard
input. Retrieval requires four digits to identify a
particular item, a fifth digit identifies the drum within
its console and a sixth or seventh digit, if necessary,
will identify the specific console, A total of 3.6
seconds i the maximum time required to locate and
1ift from file any item which can be in the form of 4
card, aperture card, film chip or microfiche.

Operating Characteristics

In order to properly idendify a single card in the
file, it is necessany to attach o rach card anidentfying
tah located in 2 staggered fashion from one o ten,
and this sequence is repeated continuously, Ia retries-
ing, the first digit of the four-digit drum identifica-
tion number will start the drum roting at o
speed of one revolution per second until the proper
thousand area is located. When this position i«
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Microfilm cards are produced -in many ditterent
sizes and formats and on different film stk Some
have been designed for specific applicationi such that

"“

mn “l\lk‘l-

ated with a [nrnrnhr suhject Ovthers “have heen
selected a8 a compmmue between ¢ase Hf handling
and storage eapacity:- Alsos some u\rds have - been
selected ~breane iy wre amenahie n) mechanical
handling, i

Microfilm cards, like aperiure c.mh. are unit
records and provide -flexible filing aidd storage at
various degrees of complexity. Fife orgrnnlmlinn and
manipufation are currently accomplithed by buth
manval and awtomatic means, In min_\' instances,
effectiv e file organization and card arrangement have
cnabled manual systems to compete successfully with
their automated counterpares.

‘The laest addition o the capabilicy of this area
has been the development of microwerography. s
recording concept provides the fadlity of imsane
micro-recurding of an image onto a microforn and
further pnnidcs the meany for succesively adding
micro-images (o the carrier at any point’ in tme. A
micra-image of an original docamene s recorded
directly to the carrier and additional dodqiments van
be recorded onta the same cartier or “added on”
whenever dovuments appliable o the subject ate
received. The IDARE system employs this rechnique
fur recording images on FAM cardy

This sub-seenion will indlude intormation ot the

following:




DARE Svstem

Docuform

Micrncard

o Microfiche

¢ Mosler Document Reweval kquipment

Large File Document Retrieval System

Graphic Data Storage and Retrieval Ststem

DARE SYSTEM

Status—Available

Developer—Bell & Howell Company
Xerox Corporation

Delivery Time—Not available

Cost—Not available

Description of Equipment

The DARE is a document microimaging device

ing from 67 w 9" in width and 97 (o 117 in leugth

- ave handled automadcally, Tmages of the documents

are reduced one-third and placed on EAM cards at
the rate of 2000 per hour, These cards are then
handled by standard card equipment and can he used
in many applications that formerly required aperture
cards,

Operating Characteristics

For microimagery, documents and pre-batched
cards are placed in their respective inpat trays, The
documents are then fed awtomatically into the doc
ment-holding drum while the cards are fed through a
card track near the hottom of the device. Inoa few
seconds, completed image-bearing cards are beng
stacked in 4 holder at the rear of the machine. N\ hen
the required number of cards have been prepared
from a document, an end-of -bar b signad ona pundied
card causes the iest document to he stripped from
the drum and the nest docsment to be attached.

1 a4 document should fal 1o feed properhy . the
device stops, However, controls are .ur.mgrd a0 that
all documents in same stage of the reproducaon
provess wiil he atlowed 1o continue diough the
machine. The DARE normally operates unattended

- cmploying the xerogrphiv process: Dovusienistiig- - — vlinmmiiog-theiece

and requires only developer powder o maintain
operation,

DOCUFORM
Cratuc—Availabe nff.the-shelf
f}ﬂ't'f"['l'r 1 FornmmenvTon, ;nurrpur:ncu'

Delivery Time—2 10 90 dayvs

Description of Equipment

Docuform is a development wsing 4 single flat
transparent sheet of film which permis over 10
pages of standard-sive documents to be stored and
reproduced from each 57 x 87 unit. Fach film sheet
has a color-coded tab along anc edge to facilitate
selection from storage files that can be ordinaey
cahinet drawers. Document pages are stored adjacent
tor ane anonther at a reduction eatio of 18:1 and at a
resolution that is above 100 Tines /mm.

Thix particalar microfilm record is compatible with
many” currently  available  reader-printers, therehy

sy s raemnial ey

wy-forprocus
mwnl for ity w1 Ras been desigaedd peimrily o
provide compact manual storage of document tpe

infarmation.

MICROCARD

Status— Available off-the-shell
Det ¢‘Ill[u‘r-~—'n\l: Microcard ( ;Urlmr.ﬂiun
Delivery Time--2 to 90 daya

Diescription of Equipment

Microcards and microfiche are smbar exeept that
Microcards are printed on paper imiead of the (s
parent filim ned for miorntiche Smce Microcards are
opaque, they can be printed an botsides aud viewad
of reproduced by the wse of refleded Tight Avadable
inoseveral sizes, such oy V0 87 d 57 87, Mo
cands can cmtain complete docaments secordad a
reduction ratios ranging between 15:1 and 2011

Micracard images are abwans postine hecause they
ate nonmally used for direct viewing rather than
anntermediate for repraduction of enlarped caps
Par they purpose, the posttive images will appear
tlentival o the original material.




MICROFICHE

Status— Available off-the-shelf
Derveloper-—The Micracard Corporation

Delivery Time—2 to 90 days

Description of Equipmeht

The Microfiche s a transparent unit record of
either silver hatlide, diazo, or Kalvar film stak for
recording document pages of textual or grapbic daa.
For a normal R4 x 117 material, reduction ratios
ranging between 15:1 and 20:1 are wed. Microfiche
is available in several sizes; A7x 57, 4" x 6", and 5" x
8’ cards are the most popular. The 57 x 8 card had
sufficient capacity for #4 docunent pages rlfdll(l:l.l 18
times, i

Microfiche is teconuncided for luiwgu{' use 43 an
intermediate tor the teprodudion of full swee pages.
In most cases, the Microfiche is negative to reproduce
positive full size copies. In this form, Microfiche i»
ideal for compact starnge and dissemination of stored
information, ST

MOSLER DOCUMENT

RETRIEVAL EQUIPMENT :
Status-—Available

Derveloper—The Mosler Safe Company

Delivery Time—6 months

Cost -$15,000 for standard madel

Description of Equipment -

The Moser cquipment retrieves at command
specific document or specific group of documents
from a file, such as a file of apertre cands, mulople
image film cards, or related docaments in card form.

- The cards are stored ina drum ke which consises o

fifty pockets contering 100 aids cadh, Forin filing,
cach card cen he returned to fite at random within the
pocket of 100 cards for which it came.

This cquipment is available mothiee models cach
with adifferent level of sophistication. The standard
model, Cardomatic, is the basic storage and rerrival
unit. The Visomatic unit has the same featires as the
Cardomatic, but, in addition, has the capabiliny to
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Motler Reineval Unit

autonmatically retnese, phace ina viewing platen amd
rennn o hle astored dem, Yor .ll\p‘u.x(iun\ mvalving
mulnple nnage Glm cards, the Selecomatic model,
which sperates as the Visomuatic, except thar 1t can
Abws select the required nage trom group of rges
o eard isosed,



Retrleval Unit Showing Card Qutput $tatlen and Keyhoard

Operating Characterissics

Retrieval of a card in the Cardomatic unit is initi.
ated by keying in the appropriate card accession
number. This four-digit number designates the drum
pocket and the card within that pocket of 100 cards,
Edge-notched coding is used on cach card with the
last two terminal digits determining the card 10 be
selected.

In retrieval, depressing the last key for any code
number automatically initiaes the search meclianism
and the complete “retrieval cyde. The drum file
revolves to position the appropriate pocket at the
retrieval and infiling location where the appropriate
card Is elevated for easy extraction by the operator.
Retrieval in this manner can be accomplished in f (0
7 seconds for any of 5000 cardh,

The Cardomatic unit stands desk top high and has
overall dimensions of 32 high, 407 long, and 157
wide. It is capable of handling alb standard 31 «
7% cards and can be modified o handle other sizes.
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Maosler Retrieval Unit with Views:-Printsr

LARGE-FILE DOCUMENT
RETRIEVAL SYSTEM

Status—Proposed R&D effore
Developer-—~North Ametican Aviation, Ing.

Space and Information Systems Division
Delivery Time 12 months

Description of Equipment

This system is a proposed R&D effort with off-the-
shelf equipment. It is designed for docament retrieval
in large files where conveational numerical computer
syatems, becanse of restrictions imposed hy their
register capacity or logival proessing configuration,
cannot pracess descriptor indes files efficiently, In-
duded in this system are the following:

FIRE (Fast Information Rerrieval Fquipment) iy
an implementation of the search funcion. 1 speed is
comparable to g af 4 high-speed digiral computer,



i

although its main components are relatively low cost
‘electro-optical and mechanical equipment.

FACY (Fast Access Card Lquipment) is an imple-
mentation of the locate function. It is a fully auto-

matic, random-access, storage and retrieval device

S Specfied CArd, seiuets tin cand et fooih,

it 1o peripheral cquipment, For i file of T mifion - -—

cards, average retriecval time on the order of .2
seconds is feasible,

FUSE (Fast Updating System Equipment) is wed
to update the term card file. The updating iy per-
furmed by generating marks on predecermined posi-
tions on the term cards,

Operating Charocteristics

The Large-Document. Retrieval System would
have two types of sards T Distiantent cardy and term
- cards. The document cards are the mictoliln u_li,‘;c_\_.uf
the documents in the document file while the term
cards represent the terms or key words indexed from
_the document file. In storing index information, each

document number is assigned a particular positionony ©

every appropriate term catd such that the assigned
position is the same for all cards. Both sets of these
cards are then stored in FACE.

A request tu the system consists of a set of terms.
FACE accepts the input, locates the corresponding
term card, and feeds it o FIRE, When the last term
card related to the rcqucs't- has been fed, FIRE scans
the cards simultancously, searching for those pusi-
tions containing the largest number of marks, and
lists the corresponding document numbers. These are
used as an input to FACE, and the praper document
cards are located and fed to appropriate peripheral
equipment. During the time interval that FIRE per-
forms its scan, FACYE aceepts updating input, feeds a
term card to FUSE for marking at the praper post
tion, returns the card, and feeds the next.

Of the sub-systenis, the most firmly established in
design is the FACE. This is 4 storage device contain-
ing a servo-mechanism capable of rerricving stored
wirds and feeding them to an input and output maga-
zine. Cards are stored along the periphery of @ drum-
type storage arrangement and retricved by @ centrally
located asm. kach starage unit onsises of a stk of
several hundred slots, cach slog capable of stoting an
individual card. When a card iy fequested by means
of 4 kevboard, the servo-mechaniam minves the arm in

Cost—50K

a position corresponding to the slet, The muobile card

seceptacle ar the extremity of the arm advances

slighdly to assure close contact with the card slot and

-the card is putled by vacuum into the card receptacle.

The arm then moves 1o the input/outpur pusition wadd
izt the eard inre the input /output mamzine.

FROPRIEYARY INFORMATION

GRAPHIC DATA STORAGE
AND RETRIEVAL S5YSTEM

Status— Available

Military Sponsorship—
Government Branch—U.S. Navy
Agency—BuWeps U.S. Navy
CContrict Namber—NDWG63-0765-f

Coontra fre (;P‘ 7“[‘\]({(‘“7 -‘(I‘Vrn{r\.ﬁ‘(‘ 'nl'niliih
Genera! Precision, Inc.
Mosler Safe Company

Date Availuble-—March 1964

Description of Equipment

This system allows for the storage wnd suiiinatic
retrieval of S600 aperture or all-Glm cards, The cards
are stored ina drum file and are selected by means of
keyboard input. After the selection, the cards are
automatically removed from file Jdnd plaed in posi.
tion on an' X-Y Platen for TV scanning. From any
ane of miny remote positions it is then powible o
view the ward insages on 2 high Reswlution Monitor
(1000 |if’icu), control its magnification up to 250:1,
regutate the X arad ¥ orientation, control the image
brightiress, polarity and conrast amd return the Gad
to file.

This system consists of the followg mayor wigis:

Storage Driumt Stores cands and allows far awto-

atic retrieval of cards.
Microtderiver Provades variable maguification
over alinedar range uf 301 or YOO I srea.

N-Y Praten - Allows for moving the card s (har
any portion may be viewed.
HWigh Rosolution TV
(ruon hines resolutiony allowaing for remote viewing

Hipgh quatin. 'V swaem

of selected image.



GPL Graphic Duta Storage ond Reteiaval System

Operating Characteristics

Inputs to this sysiem are paper aperture cards or
all-flm cards of the standard EAM size (7347 x
34, Each card ot image has 4 unique numerical
address which is known to the operator and which he
places inta the keybuard for automatic retrieval of
the desired information. The cards are stored in the
drum file, which consists of fifty pockets containing
100 cards each. Each card within the pocker iy
unigpuely notch-toded to altow for ity retrieval upon
request. Average retrieval time for any ard s four
seconds, Haweser, in this particalar system, the
autput would be avideo amage of the ard's contents.
A hard-copy outpat, although not part of this svatem
carr be [\rn\‘idﬂl, as well as nieans for dul\liu(ing the
desired image on aperture cards.

The storage media can be of almost amy materia
which meets the approximate physical charsceeristios
of EAM cards, so that although the present svstem 1
intended to store microfilm type information, it is
quite possible to sare oxide coated materials for the
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purposes of storing and retrieving digital information
in magnetic form. Cutrently, progrims are in prog.
ress to extend this systemi’s capability for Microwave
Link, Computer Tie-in, Project 1V and lhnHan_y
output at remuote locations.

C. Roll-Film

Roll film storage offers the ,u|\.m(.t};r\ of mivro
film. but requires serial searching to obtain ses e
the recorded information. Attempts o shorten the
search time have concentrated on eleciiomnic means of
scanning and, in some cises, on o using shoreer length
rolls of film. In some ssatems, the indey imfarmation
s recordad in dlgi(.ll form as smadl, cear, and dark
areas bestde the document tmage s Anuther
practice is to record the indes information separately.
Consequently, in roll storage, the basic intent has
been to aincrease search speed by reducing the length
of film (o be searched, by incre nang the searching

speed, of by combination of both.



Roll-filni storage, however, forces the use of infor.
mation in a fixed physical acrangement. File updating
and reorganization can only proceed by extemsive
splicing or by complete recopying In many applica-
tions, these testrictions cannot be endured even
though mechanization is utilized to increase searching
speed. For such situations a unit record concepe i
usually employed. However, due to the ease of
manipulating roll film in contrast to unit records,
mechanization of roll film storage can be attained in
many cases at tower cost. Under such conditions, rof!
storage should be comsidered if any possibitity exise
that its relative file inflexibility can he endured.

This subssection will contain information on che
following:

s Filesearch
¢ Ilip

o Fosdic Il
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OPL System Hlustrating TV Scan of Aperture Card

® Miracode

o Radio

® Rapid Selector

8 Video Fitm Converter

& 7omm Roll Film Selector

FILESEARCH

Status Available
Detelaper - FAMAL Inc
Dyetivery Time

£170,000

Vo 6 months

Cosf

Description of Equipment

Filescarch is a ientual and graphic material storape
svatent that uses $5Smm roll microime of up to 000

feer in length as the storape medue This satem i
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Filasearch Record

Filassarch Units and Fila

composed of two major uns . Recording Unit
which coisists of 4 camera, Tights amd workrible: and
2 Retrieval Unit which searches the 3smm roll micro-
il anid indedes a viewer, printer. and aapy
camera. .

A standard Filesearch configuration uses 3 redue-
gal sre pages w

tion rano of 26:1 which enables 32 fey
be recorded on eack foot of micontm The donpnent
ared v 307y 8607 and the selection cnde area
RO A 1607 Dach frame of mucrofilm, moaddion
o the documient area, as 2 onde atea vapable ol oon
Lning up (o 56 alphanunicric characeens of veded
index information. 1f required, addinosad frames cin

he used to revord ndex informuanon.

Operating Characteristics

Input to the Filescarch equuprest s achpeved by
ceealinng o |mmhud ard for the index informatm of
the document or item 1o be recorded . The penched

card s then placed inoa reader which acosates the



camera in the Recording Unit. The coded data is
placed on film at the same time thac the first page of
the document. The information input can proceed
is required, it is recorded heside the second page of
Jiv document. The infoemation input can proceed

A request Tor informmuiom absa roquey e i
tion of a punched card. However, in this case, the
request is formulated using logical felationships of
“and”, “or”, and “not” with up to six descriptors.
After the punched card is inserted into the Ketrieval
Unit, the filim transport is loaded with the appropriate
reel of film and searched at the rate of 200 feet per
minute. Each descriptor of 4 document or item read
from film is compared with the contents of the
request descriptors and the results are stored until the
first-of-code character from the next stored item is
sensed, The compaizon rewlis are assodated aceerd
ing 1o the logical relanomslup wwntanal on dhe
punched card. If an item is to be selected for retrieval,
the film wransport is stopped and the first page posi-
-~ tioned for viewing hard-copy output or microfilim
recording.

File organization or upduting i chis system
requi,gcs that recorded information be removed or
placed on a roll_of film by cutting aid splicing. ‘This
system, like any roll-film storage system, is not ame.
nable to situations where consitlerable file updating

Filesoarch Film Drive
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and reorganization are required. However, with a
resolution capability of 200 lines per mm, it is
applicable for storing a variety of data, both textual
and graphic, provided the file manipulation require:
ments are compatible with roll-film storage char.

aotpsinaien
aovonLlas

FLIP

Status-—Availuble off-the-sheif
Developer—Benson Lehner Corporation
Delivery Time—3 months

Description of Equipment

FLIP is an auromatic microfilm searching machine
which scans 16mm roll-film of 1200 feet in length at
the rate nl 300 to 600 frames per second. It is

designed to’ sefect desired information stored on the
film and display it for viewing. With a resolution
capability of at least 25 lines/mm, the FLIP can stare
both textual and graphic data. Searching can be by
frame umberor by the descriptor informationcon——
tained in the code arca, The FLIP iy completely
self-contained unit consisting of a display screen, von-
trol panel, and keyboard, and film transport assembly,

Operating Characteristics

Erch frame of film in the FLIP system can contain
up to 32 hits of coded information beside the image
area. To initiate a search, the appropriate indexing
information formulating a query is entered hy key.
board, During scanning, the code areas of each frame
arc scanred by photosensitive elements until the
desired frame is located and displayed. The frame
nuinber is also displayed, permitting verification of
the selection,

The preseat FLIP model can search up to 8
descriptors and handie one 1200-foor roll of film
having 72,000 frames. Modifications could expand
this capability so that at least 15 descriptors per
search and multiple reels of filin could he used.

FOSDIC |

Staius—>Successful operating model
Developer—National Bureau of Standards
Cost—100K
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Description of Equipmant

Fosdic 11 is a particular type of Fosdic (Film Op-
tical Scanning Devie for Input to Computets) sys-
tems in which 16mm roll microfilm is used as the .
storage media. This device was spcuf\ﬂlly designed

Records Center which mainrains a fiic of more taa
450,000,000 punched cards containing climatological
infermation. In using Fosdic 11, the punched cards are
stored in a microfilm file which is then searched to
obtain characteristics on weather conditions. The out-
put of Fosdic I is an exact duplicate of the original
punched card on card stock punched 1o contain all the
data ariginally recorded, A second Fosdic 11 system
being tested will, in addition to this replica copy
output, go trate magnetic tape recordings for cons
puter input,

Operating Characteristics

The document area in Fosdic 11 is approximately
0.075" x 0. 507” Using reductiun's of 24:1 across the

desired information can then be searched for dumly

. from the card imagp, since the indexing and selection

information will be any of that originally punched on
the card. During a search, information can be selected
from any 10 columns of the B0 columns on the eard.
‘The search, at 4000 cards per minute, is serial in terms
of items,

Fosdic 1l combines electronic, mechanical and
optical techniques with ssarch questions set up by
plughoard. The film is handled in 100-fout reels
having a capacity of 13,200 cards. The reels mus{ be
hand-threaded and reartangement of any itens must
be accomplished by ~utting and subsequent splicing
of the fitm,

MIRACODE SYSTEM

Status  Available off -the shelf
Developer—Recordak Corporation
Diclivery Time—6 months

Cast —25K to 30K

Description of Equipment

The Miracode System consists of the following
basic units:




MIRACODE System

Miracade Micro filmer-—This new planetary 1Gmm
unit, which includes convenient operator controls, is
especially devigned for high-resolution recording and
aceurate iHunmnation adjustment,

Miracode Reiricral Station--This equipment can
store, withirl fingertip reach, approximately 490 film
magazines, The station is modular in design and can
he arranged in several configurations, It contains all
the controls necessary 1o initiate and complete o
search ayele and wrilizes the Recordak Reader-Printer
which can véarch the hinan cade on the miceoidm at
high speeds. Selective prints of documents in several
print modes can also be prosided by this unit.

Operating Characteristics

The Mirwade Svaeny allows for indexing doca-
ments |1.\ aceession number or by the subject content.
Indeving is accomplished by using o dictionary con.
tining terms for comverting meaning (0 mumetics
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compatible with the Miracade System. For automatic
input, an IBM 024 or 026 can be used 1o read punched
cards whose information is ensxled on the il by the
Recordak Card Converter, This input operation tikes
153 seconds. Assuming six pages per document anld
four columns uf code per document, Jov,u00 pages of
information can he stored in 100- oot rolly containad
in one Miracode Retriesal Sation.

Retrieval of information requires that the appro
priate search criteria be heved o the Todesar
Reader-Printer which can scan the entire 100 fou,
roll of alnrin 10 seconds. The first page of a spreific
coded document which answers the warch request »
located and i automatically displaved, reads for
vicwing or prntout. Other dogumnents, answering the
same parameters, may he located v merely depressing
the search button agan. Using this mode of apera
tion, 4 ple of 10,000 pages tandomly comamed
five magasines can be searched dn bew than 20,

minules,



Retrieval/ Viewer{Reproducer for Hallicraftars RADIR
Microfit File

RADIR
Status— R&D item

Developer—Hallicrafters Company
Delivery Time—-6 o 18 months

Cost—35K

Description of Equipment

RADIR is & document storage andretrieval system
using 3Smm microfilin as the storage medid.

The three basic components af the RADIR sy
are a planctary encader unit, an indey console, and a
retrieval viewer reproducer unit. Anaitlary equip
ment indudes o Asmm planetary cunena, stotage um
far document and indes Bl cartridges, and an
clectrostatic enlatger-printer for making hard copies.

The planctary camera on areder da vsed for nro
filming decuments and docament identitication codos.
It ineorporaces an 11 digie decimal hexhoard tor
dociment identification code input. @ visaal nvae
rihe display for veniaton of tode inpua acounae.
ciranny for converting decimal Levhoard snput o
four bit binary coades 10l Jonition hioary coding

device, and hevhoard swich and coding device mal
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Index Contole for Halliceafrers RADIR Mucrofiles File

function circuits, The anit adapts o mose 38mm
planctary cameras.

The index comsole records document identilicanon
and Tacation infornuation on miicrofibn dunmg storaga
oprations, saans thiv mfomutor and praoes ot
frocation of dovienent Ghn dunog retnonals Pho una
incarporates an dphanumenc tpesnter tor anput
and ontput with hanany comersion anonm, Roalvat
Provestig equipment for pravesang the ASmm yudes
thin, amd seandh logic circaitny which mddudes and
fungtions. U pto 56 alphaand o1 nomas charaaers
re pru\id(‘(\ tor document rdentiioion and Tocstion
descnipuon Panimg reenevab, the mdoy consele sents
the hexadeamal binary code with pann chedh
vare of “o0 o dentifcanons per seaond Ve
anim of 14000 s docament desoriptions cilmaose

TRS, 000 .|l|‘h.um|uvli\ charadters: can be indese] on
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FLOW DIAGRAM - lndexing and Starzge

FLOW DIAGRAM - Search and Retrieval

tttoretiors RADIR wiceotim fie

a single-film cartridge, and scanned in an average of
eight seconds, B

The retrieval/viewer freproducer scans document
film at the race of 55 frames per second, and displays
the desired document as a 6:1 blowback on a 7 x 9
inch viewer screen, 1t incorpufates a decimal keyboard
for input of the desired document identification code,
digital to four-bit binary-code conversion circuitry
(up to L1 digits capacity), film transport and viewer,
and a Kalvar-film negative printer. The Kalvar neg-
ative is generated in less than five seconds upon push.
button demand,

In RADIR, index information is stored on a
separate A5mm rolf of Kalvar film which can contain
up 1o 10,000 coded descriptions of documents. Docu-
ment identification and subsequent retrieval is accom.
plished by scarching the index informietion, obtaining,
the document location, and then searching  the
apprapriate microfily roll of document information
for the desired document.

An indication of retrieval speed is given by the
fact that an index rolt can he suanned in 15 scconds
while a4 1o0-foor roli of document Hilm takes ®
seconds, Since the retriesal operation requires the
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Keyboord Encedir for Hallicrafters RADIR MicroRim Filey

manual insertion of both the index and document
film in their respective searching -units, maximum
rettieval time for a document would be more than the
23 seconds of combined searching time of the two.
film rolls. 1t is estimated that in a file of 850,000, any
document can be retrieved in fess than two minates,

Operating Characteristics

Document input for RADIR begins at the micro-
filmy camera where documents in random order are
coded and aligned for photographing, Coding 1
accomplished by keyboard, verificd shaally on 2
nixie-tube display and vonverted to four-hit hinary
wode on the coding attachment 1o the planetary
vamera. The docoment and hinary code ideatification
can then be photographed simulitaneously. The fitm
negatives are provessed, printed on Kalvare film, andd
loaded into cartridges. The docements age viewed and
assigned descriprors and index categories. This data
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—_ahle cost._

is keyed in the index comsole and the appropriate
index films prepared. When completed, the index
films are stored in cartridges until they are required

fui TCLNC
A dncumcnt is retrieved by firse sc.mhm!, the
appropriate roll of microfilm that contains the index’

category of the requested documient, 1T dGutumem —— — A RajridSekctatatom dondete of 3 micrafilm

query data iy inserted into the index console which
locates the desired entry and prints out the document
identifiction  and " address, This - information is
entered into the retrieval fviewer /reproducer unit and
the proper roll of document microfilm scanned, The
desired document is located and displayed on the
viewer. If a Kalvar negative is required, a negative
ready for electrostatic reprosuction can be processed
within five minues, .

The system was developed for small-to.medium
scale applications capable of using microfilin as the
storage media, s design wild 9Peranng ciaciciisii
with manual operations are such that an automated
storage and tetrieval capability is provided at reason-

RAPID SELECTOR -

Status—Successful feasibility model

Dereloper—National Bureau of Standarcds
Burcau of Census

Cost—85K

Description of Equipment  /

The Rapid Selector is a continuous roll-film stor-
age and retrieval device using 35mm unperforated
microfilm. Microfilm is handled on 100- (0 6000-foot
reels with storsge capacity varying {rom 600 to
36,000 coded pages per reel. Other packing density
chafactetistics are a resolution capability of up (o 120
lines per mm and six coded frames per foor. Using a
format with a document rewriting area of 1,157 x
1.76” that can be extended in length, documents in
sizes from 37 x 87 to 227 x 347 can he recorded,
Adjacent to the document area, a selection cade area
of 1.20” x 0.36" is provided foc storing 280 bits of
index information which are divided into 70 hexa.
decimal characters.

Ising this recorded index informuating, selections
can he mace by simple address or by descriptive terms
and indexing entries. Combination searches can abso
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he made in which both indexing terms and biblio.
graphic data are used tu select & desired itemi. A pre-
dictive search can also be made in which the pumber
of items meeting search tequirements is indicated s
that the querist may mmhf) .\u.ordmgl) the scope of

his s¢arch,
1 €.t

camera, card reader, card punch, film processor,
microfilm copier and the selector.

Operating Characteristics

In the present Rapid Selector model, a mudified
1BM 407 card reader records the selection criteria. For
recording hexadecimat characters, holes are punched
in a specitied four rows with their complemeats
punched in four other rows of the same column, The

cards are then rerd by the card reader which is con-

nected to a coded light matrix in the cunera, Each
hole position on the card controls a fight positon in
the matrix, therehy providing the required code
pattera for photographing. As many cards as are

T reyquired wan-be-used for the document code. After

filming is complete, the viiginal ila will he retained
in & security file and master copies made from it as
aeeded.

The search equipment—for. the Rapid _Selector
consists basically of a high-speed mechanical fitm
transport, a photocell-activated interrogator  and
comparator and an on-the-fly ouput cimera. A search
question Is iniiiaced by punching the codes with the
desired selection criteria and using “yes”, “no™ and
"don't care” conditions, if required. For searching,
the master film is run continuously at a uniform
velocity as the selection code area is read. Whenever
a4 pattern match is obtained, the copy film is brought
up to proper speed and & one-to-one vopy made for
external use, Average acvess time for a full 2000-foat
reel is six minutes. This has heen accomplished wing
asearch speed of A6 coded pages per second.

Since the storage medium is acither erasible nor
reversible, items must be deleted by a manual cot-and-
splice process. Similar manual operations are required
for replacing damaged material and for rearranging
the file order. During the input, the only provision
for manual insertion or code cortection iy in replacing
or removing the code card. However, with this con
cepty file integrity is maintained since the master fitm
always remains in the file area,



PROPRIETARY INFORMATION

VIDEO FILM CONVERTER
Status—Available off-the-shelf

Military Sponsorship—
Government Agency—NASA
Contractor—Link Division, General Precision

Delivery Time—G6 months
Cost—200K

Description of Equipment

The Video Film Converter is a device for con-
verting from a film transpirency to an analog voltage

and, inversely, from an analog volage to a film

transparency. In either mode, reading or recording,
the conversion is accomplished by an electron beam
scanning system that uses both horizontal and vertical
beam deflection, The scanning rate, resolution, and
raster size are variable.

Operating Characteristics

The storage medir in this system are 35nm and
70mm strip films, with the maximum frame size being
57 x STmm. Film reading is done with the filim sta-
tionaty using a scanning motion from left to right
with subsequent Enes progressing from top to bottom.
A single frame scan or repetitive frame scan mode of
operation may be ased for data reading. For record-
ing. the same techniques are used, except that the
photographic film i exposed while scanning with the
thving spot scanner. Resolution for this systent s 0
Lines per minute.

In addivion o reading and recording, the Video
il Converter has the capabilin o search for
revondad dura This maode of operahion s used for
ahocnng a particalar frame for=scnning. inoseanch
v the il can e scanned at e of 29 toames e
seennds enh tuane bueing scanoad g semdard Y
tates Lannd of the standard TV tormar for ase with

chictined monitors,

70mm ROLL FILM SELECTOR AND CAMERA

Sttt Protots pe Maodel

Moilirery \/)r;l}\l;l’\/»i’)

Convarmment Brandh

L~ N AN
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Agency—U.S. Naval Photographic Interpretation

Center
Contract Number—NGOO (62845) 57003

Contractor—Photo Devices, Inc.
Delivery Time—G months
Cost—70K

.

Description of Equipment

This system consists of a microfilin camera l‘.Iﬁj\hIL‘
of up to 15x reduction, & code reader, and a searching
unit. Designed primarily for recording  graphic
material, this system can photograph items up to
2 x 3 feeton an image area of 2V x 2247 Adjacent to
the image area, a code area of 960 bits is used for
storing identifving informatiun, Ttem selzction i
accomplished by scanning the code area at 100 fr.
second. Output is either a displaved image of the
desired information or a duplicare of the recorded
image.

Operating Characteristics

The input operation requires that the items G be
photographed be manually placed on the recording
aret. A mylar overlay is then placed over the input
muaterinland held down by & vacuum system in order
to level the item for photographing, Coding infor.
mution is recorded by reading o punched card win
Hollerith code, using a Richardson static cod reader.,
This reader activates a Hght raster in the canera
which produces the equivalent of the punched hole
pattern on the input card. The coded information waed
input item are then sinultaneously photographed on
the “umm unperforated coll Fim.

Par selecung images, the required code patierns
ateawan aesignated by penched Gnd Searching can
pioceed at \pcvds suthcient for scanning .t 1000 Toog

tech of Bl i ten minetes,

D. Unitized Photographs

Unitized photographs are s form of soad! mia.
Ll card. Bearuse of thar sandler ditoensions, an
extornal frame or haider and medninical ssavtange
are wally required to facilitate handling ard o
protect the fmage area. As comequence, soveral
cquipments with sophisticated handling tcchingues
are available for this application,
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There are two major applications for unitized
photographs: storage of aerial photography and
storage of document information. Of these, the stor-
age of aerial photography has heen the mwre recent,
because of the critict] reyuiicinents fsr such storage

Current cfforts in the Air Force for aerial phaoto-
graphic storage have concentrated anusing a4 70mm
oomm film unit record. This format has designated
arcas for image, descriptor and indes informadon
and an identification number in both human and
machine —- readable forms.

Efiorts in the document retsivval area Tuve not
been resericted by image qualits considerations as enint
when storing aerial photography. (As a rosalt, fikm

“unit records for document storage are smaller and

cait-be manipulated- with less o
areas CclIpiuy the Nic orgamzaion rehiayues Geai win
identifiable with unit record storage. Most of the
equipments are modular and can be adapted for use
with various size files and file material,
This section will contain information oo the
following:
¢ Filmarex
& Magmrene— - - -
& Media
o Walnut System
& Minicard
o Automatic Unit Record Storage and Retrieval
Device

e Unit Record Search and Dissemination evice.

FILMOREX
Developed by Jaeques Samain, Paria, France

Status  Available

,\lilil,lrl)‘ .\‘lmmur\/rill None
Ddlivery Time -6 9 momhs
Cosf-—x19,000

Description of Equipment

‘The Filmorex syatem onsists of 0 document
camera, seles tor, kevpundh aned contact printer, Phis
cquipnient is of relativeiy simpic design, and resquiios

comiderable maoual support for ity operation, The
storage medium is a 35mm x 60nun film (hip of B mil
thickness o provide sufficient rigidity for machine
manipulation. Depending upon the camerd iens syv-

rem, up roowa 857 8 4 doamends pages can he

o vowednd oo 2 ilm chin in addition tn the code area

of 400 bits capacity. In the present code system, up to
fwerity rows of 20 bits cach can be wed with tour -
hitw used o designate e adphannmeric haraaer.

Operating Characteristics and Capability

The input uperation requires the use of code cards
to represent cach item of descripton information.
These cards are arranged with just the top card div-
playing the alphinumeri designation of its cade.
All other cards have just their coded information
howamg. T e miernd h‘lT‘l“.l'lll‘l.:ﬁl‘ﬂ[L‘n*phniugi’-rii‘rhv— -
simultaneousiy the code cards and refated dovnent
A multi.entry file requires an atlditional exposure for
eadh entry, with the appropriste code card dinplayed
iaho tan of the code card deck This allows the

p deck  This
teading of e different key descriptors for appropri-
ate sorting, fling and selection. The documents and
associated coded data are recorded on roll-film
approximately 100 fect in length, Alger pricessing,
“the film is manually cut and inserted in ity proper
storage lucation.

Yor selection, the fila chips are passed through the
selector unit at the race of 600-700 per second. Query
input is achieved by key punching holes, representing
the complement of a coded deseriptor, inan aluminum
mask called 1 search key, This key can contun 4
maximum of three cnded desoriptor pagerns amd
serves as a seanning grid as the filin chips nre passed
hetween it and a light source in the Filmores sefector.
Detectinn of complete opagqueness fepresemis 4 auith
and a selection iy determined by 4 march with apar
ticular logical combimation of Tand,” Tor and ool
Selected film chips ave dire ted to a4 separate outpul
bin from whidk (hes can be manuaily retrieved o
vivwing or preparation of hard copy prints,

The Filmores cquipment, because of iy design,
relies copsideraidy i fivquene nunal adjoements
for maintaining corredt operating tolerances, How:
ever, with pruper personael auppott, this cquipment
can effectivety he applicd o the swrage and retrieval
of files of 10,000 150,000 items depending upon file

dciving, A omplet syatem is considered relativels
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inexpensive and does not require peripherat equip-
ment,

MAGNAVLUE SYSTE

Military Spunsorship—
Government Branch or Agency—Rome Air
Development Center
Contract Number—~AF30(602)-2464
Contractor—Magnavox Research Laboratories
Delivery Time— 18 months

Cost--500K to 1500K
(depending on system configuration)

Description of Equipment

ing Maguavue ysives cansinte of tha fnlll\wmn ’

clements: A general purpose digital computer (CDC
160) for control of the system; a rapid access file
which stores 675,000 itnages in film chip form; a four-
drum card transport which ‘accomplishes sorting,
merging and collaiing of the film chips; an output
copy station which produces a Diazo aperture copy
card with a developed image and which is simultane-
owly punched with identifying data (by means of a
card punch); and a camera-coder which prepares
Magnavue film chips from input aperture cards.
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Disploy of Graphic Data Stored on Magnavee Cord
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Optional equipment includes a second rapid access
file which brings the total capacity to 1,33 million
drawings. l\dlli(i()n.ll EAM equipment and magnetic
@ape may be added o the data processor.

The basls of the Magnavue sestem is a small mvlar

_____eard at chin 1Y inches mde hy 3 inches long, One

portion of this card is used to store a 3%mm Digze
microfilm image from which a Diazo copy card is
made. The remainder of the card is wsed to store 80
slphanumeric characters of photo optical data which
identifies the image. These cards are handled on the
card transport to which is attached the Diazo copy
station. The card transport unit is a four-drum device
capable of manipulating the cards at 90 cards per
second with vacuum techniques under control of the
data processar. The urd transport has the capability

~ from the data processor.

An optional modification to the system pmvidn
the capability to process magnetic cards which store
approximately 1000 alphanumeric characters in
binary coded 6.bit characrers, These magnatic sands
are the same 134" x 3" size as the film cards and both
types of cards can he processed on the system. The
modified erd handler then has magnetic read-write
heads for the magnetic cards and photo aptical read-
ing for the drawing image cards, Data is transferred
between the processor and the cards at 90,000 alpha-
numeric characters per second,

Operating Characteristics and Capability

‘The input aperation for this system is the initiation
of a Magnavue card, ‘The image portion of the card
may be exposed by reducing a negative image onto
the image portion of the card or contact printing a
given microfilm image. Binary coded phota opticat
data is displayed in code targets and exposed at the
same time the image portion is expused. The coded
data can be transferred from punched cards ot direetly
off apentime cards containiag the related image. This
complete input operation s .uu)mplnhcd hy the
camera-coder unit.

Magnavue cards are stored in a rapid-access file
unit which consists of a 15 x 15 array of magazines.
Each magazine has a storage capacity of 3000 vards,
enabling a total of 675,000 images to be filed. During
an operating period, magazines can be positioned for
pracessing in 3.4 seconds. Maximum time for an

[ !I
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Magnavua Film Chip

individual magazine selection and positioning is 10 transpart and select the Magnasue cards ar the rate of
seconds, Once in position, the card (ranyport unit, by 90 per second.
use of the vacuum drums and feed stack stations. can

_ The output for the Magnanuc sy ston s o unchedd

Magnavue Pracessing Flow
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and developed apertaee card. The caed is produced at
the Diazo copy station, which is assaciated with one

of the drums on the card transport unit. Sclovied wards

Tur n:lnmluﬁi' inoare S!DF'r‘cd at_the Diaro com
automatically removed from the drum, and
appropriately aligned wi(m an
unexposed copy card. Under compurer control, the
filany is then eaposed to give the desired owtput Diaso
copy card. The computer may cause single or multiple
copy cards to be made from the image purtion of 4
singgle Magnavue card,

The Magnavue system can store a variety of daty,
hoth textual and graphic, Depending upon the infur-
mation, reduction ratios from 149:1 1o 30:1 have to be
wed in recording images on Magnavue carde This
__capahilite. combined with computer controlled file

siderable system flexibility,

._._MEDIA

Starus—Available off-the shelf
Developer—The Magnavox Company
Delivery Time- 3 momhs

Cost—31K -

Description of Eyuipment

The Media system is a photographic information
storage and retrieval system utilizing the unit record
concept. Information is stored an a 32mm x 6mm
film card which can contdin images of three 8147 x
117" document pages, 17 digits of coded data and (he
film card identifying number in both numeric and
machine readable form. A complete Media sy stem
consists of 4 camera-coder which  simaltaneowly
photographs and codes the documents to be stored, »
fibm processing unit, a film duplicator anig, film cutter
for cutting the Media film cards feom roll film, Media
file and capsules for storage of the filny card- sod the
selector reproducer for retrieving documents and pro-
ducing hard copy prints of film cards,

Operating Characteristics and Capability

The Media system has been designed o retrieve
documents by docament number. In the input opera-
tion, the approprise document number is keyed into
the camera at the time the document is photographed.

maintenance and automatic retrieval, allows {or con- —
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MEOIA Dacument Camara

The number is recorded numetically and encoded o
permit both human and machine reading. Additional
information, such as the date or subject information,
up to 17 digits, can abo be included as identifying
information, The doaments and awodated daca are
photographed unto roll film of 100 foot fengths and
wut after processing into the Media ilm cards, The
cut film cards are then masually mserted in theis
appropriate storage lovation in the files,

The storage file has 10 numbered trays which
contain 100 numbered pockets. These numbers are
indicative of the cabinet and the tray contens, Fach
pocket in the tray can contain 4 vapsule which has a
wpadity fur holding 200 fifm cards. This storage
wotfiguration cnabies 4 .._nhinu to contain images of
100,000 documents averaging three pages each,

For retrieval e is neceasary (0 know the doswment
number. The number designates the capsule in which
the docament is contained. When located, the capsule
is mamnally removed from the file and placed i the
Selector-Reproducer, Upon keving in the Lt twa
numbers of 4 7-digit accession number, the Seleaor-
Keproducer begins scanming vards 4t the rae of 1o
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MEDIA Selwctar

per second. Whea the desired film card is found, the
card is mementarily stopped and a hard copy made of
ity stored information. The card is then refeased and
allowed to return to the stacking station for eventual
reinsertion into the capsule. With this form of out-
put, information i retricved without ever removing
the film card from file. This retrieval operation can
be accomplished in many cases in less than one
minute.

The Media svstem reties on effidient combhination
of manual and machine operations. o this siwation,
the capability of operating personnel can considerably
affect operating spead and overall effectiveness. How-
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ever, inclusion of the manusl aperations has provided
aosystem at relatively fow cone,

MINICARD SYSTEM

Document Thta Processing Cenral AN GNQ-
LA (v)

Develaped by Bastman Kesdak Company
Status — Available

Militury Spoeorship. -
Agency  Rome Air Development Center
Contract Number  AFsa(hn2)- 1605
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MEDIA Card

Contractors Involved  Prime Contractor
Fastman Kodak Co.
Magnavox Company
Computer Contrul Co,
Dilivery Time - 18 months
Cogt, 1000K to 1500K (depending on size of systemj

Description of Equipment

The cquipments of a Minicard intallation will
vary with swstem size. An average imstallation would
include the hasic Minicard devices cotnisting of docu-
ment caniera, tomputer duplicator, film processor,
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selector sorter, analysis viewer, ea!
and peripheral equipment. The integration of such
cquipment hay provided the capabitity for multiple
capy filing and selection, rapid film processing and
duplication, and high speed input, mahing Minicard
extremely applicable for Lirge data stotage prohicon.
A complete Minicard system wauld indlude::

MEDIA Fstm Hile

e LSO

o Dacument Camera Madel (1134 Rewords doa:

ments up to 8.5 1 14 inches insize ata reduction
raio of 60:1,

Photoncgative Comere Maded € P20 Records
Photo Negativer 9.5 v 0.5 0r 0.6« 11 inches i siie
At fined redudtion ratio of 20:1.

Opague Copy Camera Maodd 1 2.4 Handles
apaque copyoup o 18 a2 inches i sire and
phutographs these at a reduaction rato of 2001 or
RV

Campuier Duplicator Moddd D3 This saatens
combines a4 medhanival wnit which i capable of
reading digital code from film records, duplicating
filn records by contact printing and exposing mde
on Nl records, with o general purpose digntal



MINICARD Camera Unit

20X enlargements from images produced by the

computer that can process data and control the
CE2IA and CPIA camietds,

mechanical unif.

o Sclector-Sorler Modet 8814 Combines & film o Docnment Viewer Modd VA2 Diplass ilin
card unit which is capahle of reading corde from record images at 60X magnthotion for analisis
film cards and routing film cands to any one of . : - .

) s T pATER o Acrial Phoin b iceer Model VP4 Provides
several locations with a logic unit which is capable i R . )
nnges of Nl records 4t 60X or 25N magnifiea

of analyzing the dars renxdd from alm cards and can . .
’ tion for analssis.

contral the film card unit,

‘ ) ) o Film Proccver Moded P24 Automanaath de
o Doctment Prdarger Moddd DA Produces 10X : -
L ) selapes, fines, washes, and dries exposed rolt ol
cnlargements from images produced by the C13A .
camera, o Finishing L quipment

o Aerial Phota Fularger Moddd 1P2A Preduces o Film Pubricator Model AT2A

39
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MINICARD Fitm Record Selector Sorter

¢ lInspection Viewer Model VI3A & Typewriter- Tape Punch Model TW0A
o Film Cutter Model AC2A & High Speed Tape Reader Model TR2A
& Aperture Card Mounter Model AATA & Figh Speed Tape Reader Model TRaA
l’c’ri[»/u'r-‘«lf Equipment ) & Motorised Fape Reader Maodel ERAA

o File Cabinct Maodel FCAA ¢ High speed Tape Punch Model FP1A

o Fitm-Card Storage Stich Assembly Mudel FS1A . o .
- Operating Characteristics and Capability

o “Transfer Tray Madel FT2A )
In the Minicard ssteny, all docaments, photo
Yaper Tape Handling Fquipment graphs, charts and maps to he stored are photograpleed
. . - A five-grain emulsion fil ith & rriscetate base ot
o Typenriter Tape Punch Model TWaA on A fivegrain emubion f mowath arracetat hAN “
: 16 % 32 in areas Using o reducton ratio of 6o:]
o ‘Iypewriter  Tape Punch Muodel TWSA and with resolutions of up o SHO fines per s, tes

40
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possible to store 12 statidard size document pages of
material on cach Minicard film chip. This storage
areangement can be varied from wsing the whuole film
uf 273() bits

dup area for code s(ur.ny: witha mp.u

e L e R 7

selective code format reserves twao 42:-hit enlurins for
the sorting field and several other columas for control
information, such as the document number, The
remaining columns on the film chip are wed for
further descriptor information,

The Minicard film chip has a slot near one end
which enables the chips to he handled in groups of up
10 2000 on sticks. These sticks are used for transpor-
ing these film chips to and from the selector, sorter,
and file block, For manipulation, the film chips are
deposited-in maguzine from the handling stk and
(NEA replaced on e Wick o ool b,

Information far input into a Minicard system, as
in other input operations, has to first be read, inter-
preted, and indexcd according o pre-determined

classifications, Cross indexing may be extended con-
siderably because the unit record concept of the Mini-
card film chips lends itself (o almost unlimited cross-
filing. ‘The indexing code is entered into the system
by means of punched paper tape or by direct keyhoard
input. This coded information is then converted to
the dot pactern for photographing onto the Minicard
film chip, Immediately after this operation, the
related textun] or graphic material is microfilmed on
the filns chip at a reduction of 60:1. The 16mm Mini-
card film is expused in rolls of 200 feet from which
2000 masters of negative Minicards will be prepared.
From this, positive duplicates will be made and cut
into film chips. The number of duplicates (rom each
master depends upon the multiple entries required by
the indexing and filing arrangements used.

Using an input camera with recording rates of 40
to 90 per hour, & duplicativn rate of 120 Minicards
per minute and A processor which develops and driesa
200-foot roll of film in 40 minutes, this inpuc . jrera-
tion can handle farge volumes of information,

Afrer the duplicates have been inspected, they are
placed in their proper storage magazines by the sorter
at the rate of 1000 4 minute, These duplicates now
become part of the Minicard Working File stored in
file blacks of 50 magazines cach. In this storape
nrrnngcmcm 900,000 Minicards can be stored in 2
cabinet about the size of a four drawer legal file.
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Requests for information are stated such that
magarine or a particular group of magazines i
identified. The Minicards in these are then manually
removed by usmq (hc h.u‘illm;, sticks and are m\(‘m\l

miade according to the inquiry whu‘h has hccn input
by paper tape in asociation with a particular logical
relationship of “and,” “or,” “less than™ or “greater
than.” The finad ougpue uf the search can be a dupli-
cate film chip, 4 film copy mounted on an aperire
caed, of an enlarged hard-copy print. Tatal time for
an average search from input of request o delivery of
the selected Minicard is 10 minures.

Considering che number of units, their capabilities,
and their iotegration, it is evident that the Minicard
Sysiem has been designed for Large data holdinge of

T s ahie .;\’..l. stinn thic cuectam

utilizes units mth sophisticated operating character-
istics and rapid operating speed, However, even with
this capability, this systein is cotisiderahly dependent

upmm effective man maching m(q,r\(lun TOF TICen
operdtion,

PROPRIETARY INTORMATION

AUTOMATIC UNIT RECORD STORAGE
AND RETRIEVAL DEVICE

Status—Experimental Model Delivered August 1964
Military Spousorship...
Government Branch-—-ULS. Air Force, Rome Air
Development Center -
Contract Number  AF30(602)-2651
Contractor Invalved—Houston Yearless Corp.
Delivery Time 1218 munths
Cast— 150K 1o S00K (Fstimated)
(depending on capadity of experimental.model)

Deseription of Equipment -

This device has been specifically designed for the
storage and reerieval of to0mm x “omm film chips,
Any type of dats can be placed on the film, however,
particular emphusis has been placed on proteaing the
image to enahle storage of aerial photography. To
facilitate mamipulation. the film chip is handled and
stared in e plastic mount which provides protedion



Unit Record Starage und Ratriaval Device

H F_Unit Record Storage and Retrieval Device with Exterior Shell Removed
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H. F. Unit Record Starage and Retrieval Devica with Exteriar Shell Removed
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to the image area, These mounts are each stored i a
separate compartment, 256 of which are conined in
a module. With 40 modules, this provides a storage
capacity of 10,240 fim chips fnr rhis lr.u'i:('\ihir wirkt.

ahle requirements h.\\'e mﬂuenced desipn m.lmcrcr-

imics such that the current model's performance can
be maintained up to a capacity of approximately one
million film chips.

The Automatic Unit Record Storage and Retrieval
Device consists of the storage files and film mount
handling mechanisms, keyboard, display pancl, paper
tape punch and drum memary. Using random storage
and parallel operation, this unit can retrieve one film
chip in a maximum of 10 seconds and 60 film records
in less than three minutes. lnﬂling can be accony.
plished at the rate of ane film clup in three seconds.
Vomr null\ul of film chins are achieved by using
magazines by which up to 60 film chips can be
removed from and placed in the storage unit during
one operition. ‘

This equipment has been developed for future
integration in systems - requiring the handling of
information in the form of photagraghic images. In
consideration of ies potential h“" ations, its design
has allowed for LOI“D.\llbl lity with variows pcnphcr.nl
CHUIPIMECTIEY W8 Wil as e unu'mu,. T e g s

aperation,

UNIT RECORD SEARCH
AND DISSEMINATION DEVICE

Status— Successful experimental model
Military Sponsorship -
Agency — U8, Alr Force, Rome Air Development

Center '
Cantract Number- - AF0{(602)-2569
Conuactor- Treh Corporation .

ll(ill'(r) Tivre anur .y smomie

Cost—300K to 1000K (depending on stut{'\\ge
capacity of experimental model)”

Operating Characteristics and Capability

Input to this system requires the insertion of the
film chip in the plastic mount and the subsequent
placing of the mounts in the input magazine. For
sysiem integration, ease of manipulation and oper-
ating speed are attained by automatically performing
most of these operations, Use of the film mount per-
mits considerable mechanical handling while afford-
ing suflicient protection to the film chip.

Unit record retrieval requires the assaciation of a
unique 7-character alphanumeric accession inumber
with a storage location in the file. This is accom-
plished by the integrated magnetic drum memary
which paintainy contral over the phyiical storage
unit and keeps track of the physical location of all
film chips. The memory unit can respond (o a4 request
for an accession number, informuation in a particofar
aread, or inventory control data. The vutput of 4
respunse is first indicated on a display panel so that
further interrogation or modifications ta the initial
request can be considered before cjection of the
requested film chips into the outhut magazine. Re-
trieved film chips wie cjected into the output mag-
azine in the order requested so that they can be
immediately viewed i order, when ordered sequence
is of importance.
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Description of Equlp;em

‘This device 15 an experimental model developed to
determing the feasibility of handling and controlling
F0mm x 100mm unit record film by the use of prew-
matic propulsion, magnetic edge code reading and
on-the@ly  photographic wode  reading, The unit
records are cantained in frames which have magnetic,
photographic and edge-notched code areas. In opera.
tion, the unit records are retrieved, selected and
tistributed hick o storage an the bas.. of the coded
information recorded on the frames. The frames are
manipulated by a track system in which the carrier
rides by means of four pins thae procrude from the
corners of the carrier frame.

The present experimental muodel comists of an
operator’s console and 4 main frame. The main frame |
containg 4 track system, 2 storage ins, 1000 experi-
mental carriers, 6 removable carrier-magazines, 3
Lanching mechanisms, magaetic and photographic
code readers, and required circaitry. The conteol con-
sale condaing the Togic system, power supplies and
contral panet required fur aperation of the experi
mental model,

Operating Choracteristics

This device has o storage capacin for 1000wt




Expetimantal Madel

records which are stared in two bins of 500 records
each. For seatching, the unit records are ejected intu
an air stream, read magnetically and, if selected,
pamed through a photographic cade reading station,
Depending on the query imposed on the system, the
selected unit records are directed to the appropriste
output magazines; those magnetically selected in ane,
those sclected both magnetically and photographi-
callyinannther.’Lhe rejected unit records are returned
to their proper storage bin by means of the edge-
notched mechanic:! code in the unit record frame.
‘T'his cycle from cjection to distribution and back into
storage for 500 cameras is accomplished in approxi
mately twenty seconds,
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The primary purpose of this program was not to
construct 4 piece of equipment which would fulfifl 4
prmlcﬁncd fun tional requitement, but rather o de
velap automatic retrieval and disseminstion tech-
niques. Huwever, initiat consideration of applicatiens
has heen concerned with wsing thew technigques 1o
sre and handle graphic information.

E. Unitized Photographs—
Film Strips

WALNUT SYSTEM

Status— Available



Gavernment Spansarship—
Central Intelligence Agency
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Cosr—iNoTavataic - -

Description of Equipment

Walnut iy a largescale document indexing, sor-
age and retrieval system using an index computer
subsystem, and a separate image file,

Document images are stared at a reduction ratio of
35:1 in the image file on Katvar film strips 0,97 wide
by 15.5” long, Each strip will accommodate reduced
images of 99 (8 by 14 inch) pages arranged in three
columns of 33 images each. The strips are grouped
into “'cells” of 30 strips cach, with 200 o these cells
forming a module wpable ol watauing up
900,000 document pages. For handling, the 200 cells
of the image file are arranged in a circular hin which
is simwa Handou [:, [l_)'__l_u_‘rl el and tr .H“lnt(.'(l {o_ nmmnn «l
apucificd coll beneath an aceess mechanism,
~ The index computer subsystem consists of a com-
puter and a Iarge random-access digital magnetic
storage device, A typical confligueation would employ
an IBM 1410 processing unit warking with a number
of 1BM 1301 Advanced Disc File memory units,
Punched paper tape, punched cards, or magnetic tape
can be used to read data in or out of the system, This
data would be divided into three categories: Keyword
tuble, subject index, and document address index.

For this system, search time averages about five
seconds. This includes the output of the address data
and abstract, Image search and delivery of the image
information in the form of aperture cards can be
made in 5-10 seconds.

Operating Characteristics

For input into the Walnut Systen, each i,iimming
ducument is assigned 3 unique document number; the
page is recorded; an index record and abstract are
puniched on paper tape; a microfilne image is made;
and an input control card is punched with the doca-
ment number and page count. The index information
is then loaded into the magnetic index which s
arranged according to pre-deferred subjeet or Ley.
word headings for future scaich in response to user
requests, Likewise, the micrpfiln and the punched
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input control card are input intw the image converter
for transfer o the film strips. 1o completing the
index, the file location of each document is recnrdul
on the inpi comrol cand amd, in o ¢

rocordod i

s ilr in docnment namber sequence ia the

_ document address section ot the inaes.

A search in the retrieval process is initiated by
feeding the desired search terms and their logival
relationship into the computer. Afl abstracts ovitch-
ing the input criteria are pringsd oat on respone
cards which abo tender the correspunding address of
cach document in machine.readabie form. These
cards are reviewed and those representing informa-
tion desired are returned to the computer index which
then duplicates addresses, page counts, document
numbers and requestor numbers on blank photo
aperture cards, When a punched photo aperture card
is imerted into the fnige file and read, the appropn-
ate film steip is drawn trom us cell and ap @ fous
selected images are duplicated on the apesture card by
use of a 200-watt mercury are fimp. The image-
nﬂnng—a,mnun—mt.‘. aty he studied with the aid of
a viewer or reproducad full size by a printer,

In the Walnue System, thmughpu( of cach fnage
file is approximately 400 cards per hour. fmage file
madules may be added without limit, but, to minimize
the number of umdulcs required, all cells are temav-
able and each image file has « special operational
mude which allows use of “single cells from stadic
storage,

Photographic Plate Storage—
Sheet or Scroll Storage

FPROPRIETARY DATA

COMMAND INFORMATION
RETRIEVAL SYSTEM (CRIS

Statis Available ofltheshell
Developer---Radcom, Division of Licon todusrics
Delirery Time —6 months

Cosf- -8§33,500 .

Description of Equipment

In this system, miveinna .. 20 any printed or pi
torial matter are stored on 2 scroll contained inoa



carcridge which is inserted in the unit. Upon eotry of
2 location number carresponding to the desired image,
the unit automatically positians the image for display
ot reproduction. The retricval system is a combined
16mm and 35mm micrafilm storage system. Because
of the uniyue mapping of the s rull, 1t is possible to
incorporate at random both 16mm andd 35num micro-
images in the scroll. Fach scroll may contain over
SO0,000 images of BLY™ % 117 pages, or over 28,000
large drawings, ar any comdination of the wo
formats. Average automatic retrieval time w any
desired image, selected at random, iy under 20
seconds. Sequential selection is proportonally much
faster. ’

The basic unit is 4 deskesized console containing
the cartridpe insertion and scrofl positoning medh-
anism, the prisjection and display system, the hey-

board entey vnit, and the general control cirenitey.
‘Ihe tpntact prineer niay of iy not be incorporated
in the unit, depending upoa the vwput system

selected.

Operating Charactzristics and Copability

The information in this ssstem is stored ona 200
o 400 fa0t By 1nch Mylae based Kabvar sarall A
100 fuot scroll Can store up tn SHLN0 puges of 81,7
x 11" material. The scroft is divided into eleven
columms made up of Bmm (11,7 < 1Y) frames with
those frames divided up into nine sub feames that can
comtain two standand 8157 8 11 pages of informa
tion. Lach column along the scrall is identified by a
four-digit code group printed giong the edge of the
wroll. There are three stopping, or index, hits can



tained in this code group area which are in line with
the suh-frames and are wsed (o stop the scroll on 4
particular sub-frame after the correct column iy

found. There are 33 sub-frames across the widih ..!'

wrees, sl the cros wroff lopic andd
“dnive- I.,. Jocate_any_particular sub-rrame oy
means of a mdc pl.uc and |\hnmrcll system that 1y
mounted on the carriage containing the scroll. The
scrall search operation is conducted along the wroll
and across the scroll at the same time,

The entry address is & seven digit number with the
first four digits selecting the column: the hfth and
sixth digits selecting a pardicular frame within the
column; and the seventh digit sclecting one of the
nine sub-frames within a frame, The seventh digit
also can be zero, which will position the scroll in the
zenter of the frame selectad and change the projec
i lanees 0 nrovide a disnlay of the full frame on

the sereen. The projection of the scroll image unte
the 18 x 24 inch display screen is accomplished by a
lens-and-mirror system which uses an ultraviofet light

source and a yeliow fifter to-present exposure of the

Kalvar matenal, Hard copy printauts of the «roll
image can be made by inserting a film card inio the
unit which pasitions the card in front of the image,
removes the yellow fifter over the ultcaviolet fight
source, and exposes the film card for a predetermined
number of seconds. The film card iy then developed
by a desk top heater and the copy is ready for
viewing,

A dual lens system, controlled by the image
address, projects either the’ sub-frame or the full
frame o the 187 x 24" display screen. A sequential
scanning key permity rapid scanning of frames ar
sub-frames, Accordingly, it is possible 1 san ur
reproduce wp to 18 pages as a unit, Inaddition 1o the
viswal display, « micra-image contact priot may he

made from the selected frame or sub-frame. “Lhis film -

cardd, capahle of containing as many a4y 36 page images
of 815”7 x 117, may be used in conventional microfilm
viewers and printers {2 apertaresy.

The CRIS equipment requires that the accession
number delineating the docuinent image bhnation on
the scroll be known befare 4 search can be aauated.
Operation of this device has to be cobined with an
external indexing system for applications where
information iy requested by documen conient, How.
ever, in making CRS compatible with various index.
ing concepts, other system reguirements have alw

- T.[KII(H“‘)“H" TR

been considered. Av i consequende, current effonts are
considering the use of CRIS with virious methods of
input and output involving magnetic tape, paper tape,
relephone and radin (ransmission, computers and
wathade ray tubes,

ELECTRONIC FILE or VERAC 903

Statuy - Laboratory demosistration of oritical
clements

Developer - Avio Corporation

Delivery Time 12 @ 18 manths for experimental
model

Cosf =Nt available

Description of Equipmaent

This device stores microplicmgraphoe niviges at
reductionaratios of 7IX and 142X o shedls ol 1
Each film sheet can contain av many as 10,000 dovu.
ment pages in a matrix ,lrr-mgcmcm providing the
L 1 OG0 (GO0 Haees 01 com.

heete Srlection of the

plete e section of 100 i
desired document or document page is accomplished
by coordinage designation indicating the cofuma, row
and plane of the item lecation,

The Electronic File consists of three basic unity;
“The step and repeat camera for recording information
on film, the direct acces file for storing and retrieving
microphotographic reproductions of documents and
a document output unit, Cutput can be io the form of
an electronic ar optical display, microfilm reprodu -
tion onto 3Smm - film, cledrostatic printing ur (-
simile printout,

Operating Choracteristics

Documents can be recorded oo the il plane at
the rate of one inge a second. Pwo tilm planes are
made simattaneously s hat one can he placed s
master htp. The index intormation for these images i
then placed in an external index file with the item
locations For retriesal, it would be necesary 1o
ohtain identification of the item from the index file
before retricval of the desired iten vould he initiaced

The dirctt acews file bas 2 menmony system that
antomatically  manipulates the storage media in
response o address comnmund signals, Stored images
are docated by an acession aumher delineating the
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row, column, and plane of cach item. Input of this
information activates a carriage which moves the
required image plane to the reading station. The
appropriate cojumn  ihen aligned with a reading
Leadd and hy meane of index marks, the image i

_nraperly positioned. Average access e 1ot any woe

in the file is one second.

The Elecrronic File with a total wapacity of ren
million tegal sire pages has been designed o be com-
patible with various system equipment configura
tions. Combined with an automatic index searching
capabitity and high-speed printout, this equipment iy
capable of farge file applications.

MICROCITE
Statrr=Sucessful-feasibility-model
Developer—National Bureau of standards

Cost- -15%-20K

Description of Equipment

The Microcite equipment is an extension of a
peek-a-boo system, This concept wtilizes index rerm
cards to index literature by deducting unique posi-
tions for each index item on cach appropriate card.
By drilling holes at these positions, and superimpos-
ing a group of cards representing the key words or
terms of interest expressed by # query, the expused or
Jighted position will identify the desived item number,
1n this searching technique, the term cards correspond
to the description of a search question.

Micracite provides a peck-1-hoo system with s
means for visual display and output copy of the
selected  document's ahstract, “These  abstracts are
stored as micro-images on a il nurix, When coind-
dence from a superimposition of term card s
achieved, the entargement of the micra-inage abstract
is displayed onto 4 screen so that the fndicated itom
may he readily inspected. Ourput nay be limited o
this display or 3 hard copy muy be obtained ar Pola
roid Land film or oscillograph paper or the querist
may himself recurd document nambers or other hibi.
ographical dtation data i order o retriese the
original documents.

The Microcite sustem consisty of a peek-a-boo card
punch and readont stand and dhe search-projedtion

cquipment,

Operating Characteristics

In initiating a search, the film matrix appropriate
to the peek-a-huo set being searched is selected and

mounted on a i
nlazad an an ilhiminated area of the device and a set

ey cands are then

0f CURSOrS POSIONED ON CACT UMV GISS tnsier ~ o
the cursor is set an each hole, A Tull-size focued Tmage -
of the item corresponding to that hole is projected
onto asereen for viewing.
Lo this procedure, the focation of each fighted hole
iv ised as o reference point from which to poition
and project a micofhn image of the stored item for
visial inspection, A this stage, 1 searcher may deter-
mine the probabie refevance of the projected itcan to
the initini query and dedide from the resuits whether
the search prescription requises madification. These
aperations are powible because the searcher becomes
part of a closed fecdback fooh winw e ooiduicting
a sgarch, In terms ol browsing, 4 wwoveiignt ool s
thus, provided, A degree of “free browsability” is
potentiatly available if consecutive document numbers
similar subiect content.

The Miviodie svaiem uses two different starage
media: Filns in which the stored items of information
are recorded and peek-a-hoo cards for storage of the
item codes. The process for storing the abstracts
involves the flming onto 16mm microfilm strips and
then ¢ontact printing to produce the proper array of
polyester-basee filin sheets, Using a reduction ratio of
37,75 to 1, there are 18,000 37 » $7 items recorded in
A 157 % 187 areaun a 207 x 247 fititsheet, In seanch-
ing on a matrix of 18,000 items, approzimately a
minute would apically clapse between locating the
term cards and projecting the stored item un the

display wereen,

G. Photographic Plate Storage—
Disc

PROPRIEYARY INFORMAITION

ITEK MEMORY CENTERED PROCESSOR
Satin - Advanced devddopient st

Military Sl'nnmhlul.r
Government Brasech T°8 Al Foree
Apciny - Rome Air Development Center
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{tak Mamary Cantarsd Pracerser .

. Contract Numbers— A FA(G02)-1566

AF30(602)-1823
AF30(602)-2072
AF30(602)-2080

Contractors-—International Tejemeter Corp.
International Business Machines
Itek Corporation

Efforts under these contracts were concerned with
technique development and determination of the
feasibility of memory storage and retrieval methads.,
"I'he current program referred to as the lick Memory
Centered Processor is completely sponsored by Tick
Corporation.

Estimated Date Available—Scptember 1964
Cost—300K to 1000K (Estimated)

Description of Equipment

"The design of the Ttek Memory Centered Processor
is centered upon a photographic digital swrage unit
invented by Dr. G. W. King and developed ta high
degree of practicality in the AN/GYA Computer
Auxiliary Memory. A tensindh diameter gliss flm
disc with an annulus of photographically recorded
information about an inch in width aties periphery is
cmployed. Access to information on the disc iy
achieved by a rotational movement of the disc (cylic
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scan of circumferentinl diraension) and a radial move.
ment of a light spot teombined CRT and lens arm

movement in a closed xervo loup) 0 access on a

sampling basis, any one of several thousand concentric

tracks of information, Search logic is such that for

ordered entries in the store, specification of an input

string uf hinary information (such as a list of words,

sentence, et} will sllow:

e Matching of any length string in the store amy
equivilent entry in the input stream.

¢ Determination of the longest match in the wtore to
an input string.

® Matching to small segments of the input string
when no match to long segatents can be found.

o Cuonditional addressing by athy stuthing, 1 the
influence of one search by 2 prior or sacceeding
suarch,

& Partial matching by storage of null characrens.

® Mulkiple matching and retrieval by insertion of 3
mask duracter in the input siream.
This systemy convisty of the following unis:

¢ Memon Reader Unig

® Scarch Logic Unit



P
3
1
b

& Auxiliary Buffer Memory Unit

Disc Writer Unit

Multiple Disc Storage Unit

Input /Output Units

Sperating Sharastoristies -

The search proceeds as follows: The logic deter-
niines where the reiding light spot is at the time the
search is initiated by sampling the dise readout, ad
decides whether the spot should be deflected towani
a higher or lower track. The spot is always reading.
Absolute addresses are nat involved -both the iaput
stream and the stored data being considered part of
an open set. When the spot is at a point jusy beyond
where the desired data should be, if it is indeed in the
store, a serial backward scan is initiated. Break points

tre and length, For example, it may be a control
signal, a key to a table, @ macroinstruction, an eatire
program, a sentence or parageaph of text, or a sug.
gested list of possible index query words or “page
nuahers,”

! ¥ indessd Dis sate in kAl

o ) £ . I3 s
T TiTm SeCirmei e 3 AT I R v reR SR

Aeveloned for rfficient neneessine of information that
hed 107 rf ! ) |

“requires rapid access to dictionary or index type

digitatized information en a proba
Each disc in the Processor is cipable of storing 2.8«
108 hits of information. Multiple dix units will be
available for recording up o 10" bits of inforntation.
Data can be stored at the rate of 250,000 hits “sec and
retrieval rates will vary from 015 seconds fur a single
dise to .5 seconds for the maximum of 101 hits.
Processing capability will be a combination of table
look-up and hardware logic ilored ta the multiple
hranching  characteristics of language  processing

rather than the hatched and Tarvelv dan indenendent
instruction execution of existing business and scien.
tific computers,
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SECTION 1V
SURFACE PERFORATION STORAGE

COMAC MAKK 11

Status— Availabie off-the-shelf
I)cl'z-Io/wr——Bcns()n Lehner Corporation
Delivery Time—3 months

Cost—Not available

Description of Equipment

COMAC is primarily a device for antomatically
searching a card index organived according o the
Uniterm system. Using this concept, descriptors are
“selecred v sufficiently-deseribe-the-itewss of infurmg
tion tw be stored, Laras arc dien it T,
document or items of stored information and organ.
ized according to the descriptor or key words describ-
e~ _ing the_information_content, COMAC s used to
compare the cards ascociated with descriptors thatare

of iterest and to select the cards that satisfy the

ser's fequest,

Operating Characteristics

In use, the COMAC Mark 1T perforan logival
" operatiuny upon information contained in two decks
of IBM cards. The decks of punched cards to be
comparedd are placed in two adjacent card readers.
Information from the cards is read in column
sequence and successive fields are stored temporarily
in the clecrronic dreuitry, The it from the two
decks are compared and, depending on the logicai
operation selected and the results of the comparison,
are either iguored or ramsferred o the ward pundh,
COMAC can alw conalidate information from in-
completely filled cards, transfecring their items w the
output as required to punch cards without hlank
fields.
In its various modes of operation, the COMAC,
Mark I can:

e Create cards
& U 'pdare existing cards

o Compare iwo card dedks, selecting items that
match

——f
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"‘i‘"""' inaoe deck but not in the mher

o Merge the itemn from two card decks

e Compae two and dechs, selecing the irems that
appear in cither deck but notin both.

TERMATREX

Status—Available off-the-sheif

Depeloper— Jonkers Business Machines, Inc.
D;Iucn Time-—1 to 3 months

Coct- 28200 10 $5000

Description of Equipment

Termatrexiv a mamual system for handling index
informiadion. Ouipui from this deviee is arf identifving
number which permits acquisition of "the desired
information from an external storage luation,

A uunple(c Ternutrex system for handling up to
10,000 items consists of the card reader, card drilling
unit and Termatrex cards. For farger capacity, models
which search on tape instead of the Termatrex cards
are available.

QOperating Characteristics

The Termatres equipment uses the uniterm index-
ing techoique and superimpasition for searching of
stored information, A 97 x 17 Termatres cand s
wed for cach kev word or descriptor required for
deserhing the file data. On each card, a unigue Toea-
tian is devoted to 4 document or item of information
that is heing stoted, To place an wem in the sie, all
Termatres ards with heswords describing an frem
of information are selected and holes pundied in the
position corresponding to the item number, Searching
can then be accomplished by superimposing the hey
words dictated by arequest on acard reader. The
position of the pasched hole will indicate the acees
sion number ar identifyving number of the requested
information. Uhis feformation can then be retrieved
fram its storage locuion, Depending upon the sysemn



TERMATREX

configuration, this retrieval npcr.\(inn could  vary
from manual to a completely automatic operation,

PUNCHED CARD

Statss—Available off -the-shelf

Developes-—E-7. Sort-Royal McBee Corporation
Delivery Time - 3 months

Cost —$200 10 $15,000

Description of Equipment

A high degree of urderliness can he accomplished
in the pmcmsing. storing and recovery of technical
iiformation hy the use ol pum’hcd«.lrd technique,
Hand-sorted punched cards ur machinesarted
punched cards employ the prinaple of aslotar hole,
or combination of stuts or hotes inserted into a card,
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Size and location of these slots or holes are assigned
definite meanings. To find the information desiced,

only those cands bearing the coded arrangement of
slots or holes are sorted.

Operating Characteristics
HAND-SOR1ED-PUNCIERCARD DUV ss

The range of cwoncepts available is limited (o & set
of tesms that are wed to characterize content of
individual records. Beeause of this limitatian, coding
systems are seiggted for wpedific records o mret A
given type of information request. Lne way o aoireve
the inadequacy of this system is to divide the various
holes into groups and to use a combination of punches

ard, some one of

withuui & grouj 12 dpio
several criteria. A supcrimpuscd coding of the cdge.
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Punched Cards
potehed cards would greatly enhnnce the vocnhulary practical data handling medivim, is timited by the .
.- of criteria, fised amount of data that can be recorded on one card
‘1 : - "he faco are of the card may be used to record text - unit, To fill the gap between the limitations of con.
material. To extend this capability, microfilm inserts ventional ponched card equipment and the more -
may be added or pockets provided for strips of micro- expensive internally stored program computers, a fom
film, data processor with rapid card handling and hard

copy producing characteristics is wually reyuired

MacHINE SoR1ED PUNGHED DEVICES
Manmal sorting of hand-sorted punched cards can
become a4 tedious and time.comsuming operation
when dealing with large files. Much of the advance in
card processing technology can be atcribuied to the
development of machines used in processing punched
cards. The range of equipment has widened; the con-

A radically different card medium has been intro- -
dueed. “This new medium contains @ sheet of Nylar o -

fiim somewhat smalier than « pundhed card, and can

recard up ta 12 iimes the capait; of 4 waventional

card. Initiakiy. this magnetic card has bren introduced

0 he used with the internadly stored program com-

ard in filling

puter and may not sffer to heanep fe
the data processing gap. This innavation does, how-
cver. intraduce a new concept of reconding data on
" cards and retains the essential prinyiple of fow cont

troffing mechanisms have moved from manual to
capnestinn panel; the seing mechanisms have be-
come more reliable: card processing mechanisns have

beert uade faster: and the ways of application ;
’ card media,

multiplied.
Further progress in ard processing technology
N - (0 ¥ ey . .
Fururr Carp PROCESSING Mibia may be expected o inprove the production of haed
The punched cirde although 4 Tow cost and wpy ontput cither by faster autput mechanisms, of in
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design of new systemsz For data reporting tow pro- of data directly onto a magnetic card from the source
duced as hard copy eutput. Development may also be document without need to go through an inter-
expected in equipment design for original recording mediate computer conversion process,




THERMOPLASTIC TAP}E RECORDING

Status—Successful feasibility models of devices
utilizing this technique
Developer—General Electric Company

Description of Equipment

Thermoplastic tape is a "“sandwich™ of material
consisting of a base layer of Cronar, an extremely thin
transparent layer of electrically conductive material,
and a thin layer of a thermoplastic. This tape is
manipulated as is magnetic tape but can be used at
much greater storage densities. However, its record-
ing and readout procedure is more involved and is
still undergoing refinement.

Operating Characteristics

In recording, information is represented by. a
charge pattern which is applied to the tape by an
clectron gun. The tape with the charge image then
moves over a heatzr which neats the thermoplastic
sufficiently to allow it to deforin under the clectro-
static attractive forces between the charge on the
surface and the conducting tayer of the tape which is
held at a uniform potential. The original charge pat-
terr s, therefore, transformed into a groove pattern
where the depth of the groove is at any point propor-
tional to the Tocal charge density and to the original
signal strengrh,
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SECTION V
SURFACE DEFORMATION

When the grooves are formed, the information is
available for readout or the tape can be wound on a
take-up reel for future plavback. ‘The complete proc.
ess from charge delivery to the creation of readable
information can be achieved in milliseconds. At this
point in the recording cycle, modification can be
made such that the information can be made availuble
in real time for use in displays.

The information now exists on the tape in the
form of depth modulated grooves. For meaningful
playback, Schlieren optics are used to generate an
intensity-modulated image to which the eve or photo.
sensors are responsive. In this technique, two sets of
stops, called Schiieren bars, are added to the ordinary
projector configuration of a condensing lens and a
projection lens, When used with thermuoplastic
recording, the projection optics allow a gray scale to
be uchieved from the original microscopic grooves on
the tape.

With these characteristios, it is evident that thermao.
plastic tape combines many advantages of both photo-
graphic and magaetic recording. 1t has the resolution
capability for image formation and an immediate
access to information and capability fer erasare re use
as with magnetic tape.

Current efforts with this techniaue are concerned
with investigating the implications encountered when
considering ity use in analog recording, digital data
storage, display systems and electronic photography,

Best Available Copy



SECTION VI
STORAGE FILES

effectiveness is extremely dependent on these files,
The realization of a storage fite's importagee, com-
hined with the desire for its compatibility with a
variety of sorage and retricval requirements, has
resulted in the develupment of an extensive array of
fillng concepts and equipments. Thuse that will be
comsidered here are storage files that are ant aso.
ciated with any particular system, are manually aper-
ated, and have characteristics that classify them as
specific filing concepts in contrast to the standard
tewal file cabinet tvpe. The treatment of this category
will he divided into two areas: munual visible files
and electro-mechanically assisted fifes.

These fites have two basic characteristics in com-
mon. All strive to place information within easy
reach of an opetator, either by stationary arrange

ment or by movable shelves or trays. Also, visible

detection is emphasized as the primary means for
facilitating the location of an item and iy augmented
by the use of such visual aids as index indicatots,
dividers, tabs, exposed margins, color coding and
storage arrangement. The intent of these files then is
to facilitate storage and retrieval by improving the
physical access and visual location af the stored
information.

Cuerent commercial equipment of this type can be
used tgr the storage of unit record items, including
microfitm cards, aperture catds, and various sive data
cards, In order o obtain an extensive market, manu-
facturers of these cquipmeats have expanderl their
product bne to include comsideration of as many
applications as possible. Avaconsequence, liling units
of cach type are available in a variety of sizes and
mudels, most of which can accominodate many 1 pes
of file organization. Furthermore, most muanufac
warers will modify their carcent equipment or fabri-
cate special urls to satisfy speaific requirements,

ELECTRO FILE

Siatns—Available off-the-shelf

Manufacturers—- Acme Visible Records

ol 81500 for basic unit

Description of Equipment

Fleetro File uses ordinary e cards widh astrip of
thin metal teeth attached to the bottom edge. These
cards are held in position by & mewal rack which cn
be lifted from the selecting unit after searching, With
this arrangement, « nuaber of card racks can be used
with one selecting unit, These cards are selected by
the wse af edge-notched coding astivated by keyhoard
inpuc. This filing concept provides this device with a
ratidong docess n;-lp.,lhiﬁly.

Operating Characteristics

A unlque edge cade is assigned to each card within
a card rack, Theedgeaniched codre is input by remov-
lng the appropriate tecth from the card, using the
keyboard and curting har provided on the file unit.
After edge codding, the cards are placed in the card
eack in any location within a file groap  taking
advantage of the tandom search capability.

Elscirofile Cansole Unit
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Yot retrieval, the desired code is selected by use
of the keyboard, Depression of the selection bag then

- acrivates metal steips which ship into the teeth of the

cards, The card with the desived code has no tceth at
the position of the metal strips ancl can therefore he
pulled laterally by an electric magnet. As the card
moves laterally, it is pluccd aver a har which elevates
one rorner, enabling the card to be picked from the
file.

ELECTRO-KARDEX

Siatus— Availible off -the-shelf
:\Mnu/udurrr»—Rcmingmn Rand

Delivery Timte—2 w ) days

Description of Equ?prmem' B

‘The Electro-Kardex has the same filing concept a
the Tray card swseem. exeept that the sfide trays are
automatically pushed in or out of the cabinet frame
at the depression of the correa index key, Al slides
art cjected at desk-high level in position for inue.
diate posting or teference.

HORIZONTAL ROTARY FILES

Status—Avwilahle ott-the-sheid —
Manufacturer— Acme Yisibie Records, inc.
Delivery Time—2 to 90 days

 Cout-—$100 and up (depeading on sive and model)

Description of Equipment

‘These files consist of a drum or drums around
whose periphery various sice catds or paper records
are stored. Acciss 1o a particular sectinn of a filc is
achieved hy manually rotating the drum in the hori-

[

WV 'ia

Electrofile Card
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R oy ey, 0o §2 500 depreanlingon mode amd size ~ —

zontal plane until the desired records are in front of each tray identifying its contents. The desired infor-

the operator. mation is then obtained by sliding out the tray and
Rotary files are available in various sizes and in flipping back the pockets covering the required card
single or multi-tier arcengemenis.- When tiery are - whith was toaied by nicams of irs Txposed margin,

used, each has independent movement and is rajsed

AN IMTTEIIENT ATRIVE (e IexT 1ATECT. I NesE ey are -

"~ arranged in concentric circles around the center of the  YARIADEX :
drum in s:cP-llkc ‘fashmn.. Access to vach step lc\:cl Statier— Asatlable o the-helf
cuan be acquired without interference from the adja.

, Manufacturer--Remington Rand
cent tiers.

Delivery Time—-2 0 90 days

Cost $5% to 360 poy 100 cxrds, depending on size and
ROL-DEX type

Status— Available off-the-shelf
Mannfacturer—¥arson Manuf acturing Company

Delivery Tine—2 to 90 days . This filing concept uses filing cards \u(h clde -
7111;4.,Lu:llulu-d tabs-as dividess, O :

Description of Equipment

llll lllll(‘ll .ll il Hlll'('l 'll"l'"'(' \"“;(h 'l";‘;;‘ll;ﬁ (".ﬂ”
~ leweer of the llphlbn into five “breaking poinis™

Description of Equipment whichare a, ¢, i, o, and r. A different color is assigned

In the Rn]-Dcx equipment, carts from sizes 4” x 6 w each of tese five divisons. Thus, for_the letter
mnd TP are sToTed T OVABIT Trays, THaME (Fys dre'y 5, " "[3%, Ba, Be, Bi, Bo, and Br would sl havd whdmdcr
set on rolling carciages enabling an operator to rull catdls of u different culm.

the desired tray of records in position for filing or
retricval. In this arrangement, wccess to any tray can
be obtained by sliding trays over one another or to VERTICAL ROTARY FILES
* oneside. Current Rol-Dex files are available with one . o )
Status—Aviilabie off-the-shelf

or two levels of tray arrangements depending upon ) . .
the file density desired, Manuufucturers—Remington Rand !

Diebold, Inc.
Perrls Dusiness Equipment

TRAY FlLES‘I . . Cost—1.5K 1o 10K depending upon size

Status-—Available off-the.shelf
Mannfacturer—-Remington Rand
Acme Visible Records, Inc. Vertical rotary files dre used for storing various
Delivery Time- 2 to 90 d iys sire cards, paper records and micrafilm records These
Ay

Description of Equipment

. . liles have shelsey which can be rotated 0 a verucal
Cost--$80 to §500 depending an model and vize

plane such that the filing or retrieving of ueins can be
accomplished at a constant fevel. This allows an

OPErAtor o retrieve of replace items without excessive

Description of Equipment

The Tray Filing technique stores data cards un top mavenient. With many models, operation can be con:
of one another in a precessed fashion such that the ducted in the sitting position,
margin of cach card is exposed. These cards are Depending upon the size of the file and itema,
attached to plastic packets which in turn are fixed on storage capacity can vary from approximately 14,000
A tray that slides into & cabinet for sworage. Tray File to over a miflion items. Currens maodels are available
units are available in various sizes and are amenable to with up to A25helves or tray teveic Each level can be

modular arrangements for file expansion. subdivided in several wavs to accommodare Jifferent

For use, index information is placed at the front of sized items and various applications, Thic allows con-
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Kard.Vayer Mlthur\l;'\dd Card Filing Unlt

such that the direction of conveyor motion pnnidts

of fillng techniqucs.

Operating Characteristics

In using a rotary file, an ltem is retrieved by first
selecting the proper shelf and then the position of the
item on that particular shelf. Shelves are selected by
pushing the appropriate buttons and are controlied

Lektreizardt Autamatic Card Filing System
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pecforming a portion of a filing function while the
next shelf level is being positioned.

The shelves are driven by a motor-powered con-
veyor system. Maximum time for shelf selection
would be that required for one half of a complete
revolutiun of the conveyor system. For a unit with
ninc shelf levels, this time would bc'npp:oximmely
seven seconds.

VISIBLE VERTICAL RECORD SYSTEMS

Status— Available off-the-shelf
Manufacturers—Acme Visible Records, Inc,
Visirecord, Inc,
Dichold, Inc.
*Cost—$200 to $1000 depending upon model and size
Detirvery Time—2 to 90 days
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Description of Equipment

This filing concept uses an arrangement of cards in
file such that a margin along one side of each card is

exposed. The cards are stored vertically in rows

separated by dividers which designate the contents of
cach row. Color coding facilitates filing and reduces
errors by creating patterns whose interruption imme-
diately indicates a misplaced or missing record.

This filing technique has been designed for very
rapid insertion and removal of data card type records
from file. Due to the file arrangement and frequent
use of dividers, file density is considerably lower than
in other visible file configurations. However, filing
units are available in arrangements and sizes that
allow one opetator to effectively file 20,000 cards

‘without difficulty.



SECTION Vi
- SPECIAL DEVICES

MULTIPLE INSTANTANECUS ’
RESPONSE FILE

Status—Successful Experimental Model
Der! per—Stanford Research Institute
Militury Sponsorship—
Government Branch—U.S. Air Force
Agency—Rome Air Development Center
Contract Number—AF30(602)-2772
‘Cost—250K
Delivery Time—September 1963

Description of Equipment

The Multiple Instantancous Response File (MIRF)
is an experimental model of an electronic reference
retrieval file in which all file entries are interrogated
simultancously. The model is designed to store the
indexes to 5000 dncumcnt‘s. Each document is given
an accession number and is described by up to eight
descriptors selected from a 3000-word dictionary. A
search question, consisting of one to eight descriptors
in their nateral form, is entered by means of an

VYYYYY YV EY WYYy
_Y' vv'vv vi 'V'Vv 'v ‘i 'v ‘v 1v ‘
A !VWY RN SR IR B B0 I 0 \

Closeup View of Input-Output Area
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1

electric typewriter. The machine indicates immedi-

“ately whether or not any file item satisfies the search

question, and, if so, how many file items respond. The
machine then resolves multiple responses and types
out the accession number and full set of descriptors of
each responding document. ,

The document indexes and the wards of the dic-
tionary are stored in wiring patterns associated with
arrays of linear ferrite magnetic cones. During entry
of the scarch question, the dictionary magnetic store
is interrogated by the alphabetic code of each scarch
word. If the ' word is not contained in the dictionary,
it is automatically rejected. After all words of the
search question have been entered, the document
magncetic store is interroetcd B the search question

in superimgrised code i,

wote e the capabiling for automatically
cehitving the manually inserte’ search question

the cquipnoat s Faeelle synonomous input

e A i

-

+

l,‘
{gf n
s
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13 -
15
il

WYY

‘avavat

\

according to certain logical rules. New searches based
on the modified search question (e.g.. substitution of
a see-also reference) for one of the original descriptors
are initiated automacically. ’ *

Operating Characteristics
® Document MIRF

The Document MIRF is the principat element of

the system. It contains for each stored document index

the document accession number and the kev words
(in coded form) that describe that document as well
as a search code field that is used in the search process,

® Dictionary MIRF

The Dictionary MIRE tramlates during the input
phase of operation from the alphabetic cole of the
word descriptor that is entered from the typewriter to
the binary serial number assigned to that word for use

—

front View of MIRF Section

3est Available Copy
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inside the machine. During the output phase of oper-
ation, the Dictionary MIRF translates from the binary
serial number of a word that is obtained during a
search to the alphabetically coded form of that word.

THE PRINCIPAL MIRF UNITS
® Magnetic Implementation

The MIRF units of the document data indexing set
are built according to a scheme, called the diode-
diamond ring, which has properties of an associative
memory. Information is stored in unique wiring pat-
terns associated with an array of linear ferrite cores.
Each item of stored information is represented by a
conductor that passes through or around each asso-
ciated core in a unique pattern determined by the
information it contains, The cathodes of many diodes

are connected to form the input to a detector
amplifier.

® Relation of MIRFs and the Associative Registers

Associated with cach MIRF unit s a set of drive:
amplifiers and a match detector. Information to be
gated into a MIRF unit by way of the drive amplhifiers
is held in flip-flop registers. Interrogation of an MIRF
unit consists of applying a particular pattern of drive
voltages to the primaries of the cores of the MIRF
and observing the output of the match detector. One
output voltage level indicates a match between the

interrogation and the information contained in the
MIRF, -and the other voltage level indicates vong
degree of mismatch between the two, The vutput of
the match detector is typically used to nuxiis the
contents of a flip-flop register,

Closeup of Documant Module with Top Plote Removad
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APPENDIX 1

COMMERCIAL ORGANIZATIONS SOLICITED FOR INFORMATION

A. 8 DBick Co.
700 W. Touhy Avenue
Chjorgn 18, Hlinois

*Acme Yisible Records, Inc.
KROL W Allview Drne
Crozer, Virginia

ACR Elactronice Corp.
551 W. 22nd Street
New York 11, New York

* Addressograph-Multigraph Carp.
1200 Babbitt Road

Clevetand 37, Gl

Asrofleax Corp.
3406 Skillman Avenue
Long Island City 1, New York

AQFA, Inc.
$16 E. Ath Street
New York 1, New York

2 Alliwed Reanarch Assaciates, tne.

43 Leion Street
Boston 15, Massachusetts

Alwae Cahipulni' Division
Elsfrenicy, Ine.
13040 8. Cerise Avenue
Hawthorae, Califosnia

Amaetican Bosch Arma Corp
120 Fulton Avenue
ftempstead, New York

Amsritan 8roke Shoe Compuny
- Raymand Atchley Division

2231 8. Bartmgon Avenue
Las Angeles 61, Californig

Amarican Data Mathines, inc
= Commeraal Steet
Vickwilie, Long Island
New York

Amarican Elactronits. Int.
=5 Front Street
piroohivi 1, New Yook

*rovded intormanon o RADX

Arericon library Atsoriation
S0 F. Huron Mreet
{ hicapo, s

American iviephone @ Twleyroph So.
12 Avenue of the Amerioas
New York 14 New York

*Ampex Corporation
a1y Charter Street
Redwod Ciny, California

Ansco Division

GAFC
Vestal Phy, Fan
Ringhamtoa, New York

APECO
2100 W. Dempuer
Evanston, {Hinois

Armour Research Faundation
10 \W. 451h Sireet
Chicago 16; Hiinois

*Arthur D. Little, Inc.

. Oparntions Reswarch Section
Acorn Park o

Cambridge 10, Massubusetts
Aunrliach Elactranics Corp.
Carporats Headquarters

1asf Arch Street

Pluladeiphia A, Peansylvama

Autanelics Indushilal Products
Divivion of Nerth Americon
Aviatien, Inc.

Ayt b C0 Sieeet .
Long Beadh s, California

*AVCO
Elo.(nomu Resanrch Loboraiory

dean Glendale Millond Road
Cincnnate 11, Ol

€\ Borkley ond Co
12200 Van Buren Stoeee
Chuagns =, Hmoss

&9

fNoue Systamsy e
SZ E. AZind Ml
New York, New Yuork

Rotielle Memorial Inititvls
408 King Avenae
Columbus 1, Ol

*Rackman Systems Divisien
124 N Muiler Avenue
Anaheun, Calilormia

*Rell & Howsii Fhilliptburg Ca
Phitlipsbucg, New Jersey

*Bensan-lehner Corp.
1860 Franklin Street
Samia Moms, Cabifrmi
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APPENDIX It
APPLICATIONS CHART

‘The Appiication Chart provides 3 quick TCICITITT  ~ Uat, anstracts, CXIRCs and busimess fotms would be

for determining the areas of applicability of the
equipments and techniques included in ihe compen-
dium. Applicability of a device for storing a particular
form of dara is indicated by an “X" mark ir the

appropriate rectangle associating the data form and

device.
In compiling this chart the following definitions
were used

1. Tnput Data~—The form in which the data 1o he
stored is reecived o exists,

2. Processed Text  Any information which has
The objective of these operations is ta provide a
descriptor of the factual content of the information or
the factunl content itself in a specific form. Index

included in this categore,

A Iagital Tolormation—Dygtal representation of
textual data such as the output of a charader ar print
reader. This includes digital representation of proc-
essed text and raw text,

4. Raw Text- Document pages such as pages
from technical reports, periodicals and books, )

5. High Rewolwtion Photography — Aerial Pho.
tography.

n (‘.rn:\hiu Nafaran, s AMaraeiale AN T\;:n- o
graphic data excluding high-resolution photogeaphy,
This includes maps, charts, graphs, engineering
drawings and CRT display images.

_ INPUT DATA
EQUIFMENT OR TECHNIQUE ,,m":::.d 'n'gl::.:':m :::: F::EF:I'E::Y :\G'E'::p::::l(::
1. Photochromic Micro-lmnigés’,' A ¢ X ’ 7
2. CRAM | . | .o X X X
3. Magnncard . . . T X , X
4. Monroe Card Sysu’n\}. Ce X X
5. Randoni Acgess Mass Memory System, |, X X X
6. AN/GSQ26 . . . .. . . . .. X X
7 AN/GSQ-8 N X
8 G.E. Search Comparatar X X
9 l\[.lgncm-(')p(icsS)srem X X X
10, VideoFile . . ..., X ) X
1. Aperwre Cards . 0 0 0 L, X X \
O X
13, Rastar L X X
A Dare System | ) X X




R e SR A ACHI A B AT T FR e 15 o R 3 b A 0 3 A i S s e e o

INPUT DATA

EQUIPMENT OR TECHNIGUE Processed Digitel Row n.:il?.}v‘ioﬁ Rf;:'p.}::.
Text information Text Phatagrophy  Materials
15. Docuform . .. . . . X X X
16. Microcard X X ’ X
17. Microfiche X X X
18. Mosler Document Retrieval Equipment . X X
19. . Large File Document Retrieval System . ., X X X
20.  Graphic Data Storagc and Retrieval System . . X X
'21. Filesearch, X X . v X
22, TLIP X X X
2 FOSDICH . . .. ..o X N
24, Miracode System X X hY
25. RADIR X X X
26.  Rapid Selector X X X
27. ' Video Film Converter | X X X
28, 70mm Roll l':ilm Selector | X X N
29.  Filmorex . ’ X X X
30.  Magnavue System X X X
31, Media |, X N N
32, Minicard System X X X
33, Auvtomatic Unit Record Storage and . -
Retrieval Device X

4. Unit Record Search and Dissemsination Device | X
Y5, Walnut System X X N
A6, CRIS X N

A7 Veracwoa X X

38, Miciodite | X

39,0 Memory Ceatered Proceseor X ; N

40, Comac Mark 11| X hy

Al Termatves X

40 Puached Cards X N
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.
INPUT -DATA
EQUIPMENT OR TECHNIQUE Processed Digital Raw R":'-'?’:M uf:"::':i:.
Vext Information Taxt Photography  Materiah
43. Thermoplastic Recording . X X X X
44. ElectroFile . . . . . . . | X | X
45. Electro-Kardex X
46. Horizontal Rotary Files X X
47. Rol-Dex X X
48. Variadex , X .
49. TrayFiles . . . . . . ., X
50. Vertical Rotary Fiies ., . . . , , . . X X
51.  Visible Vertical Record Systems X
52.  Multiple Instantancous Response File X

.
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